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ABSTRACT

The'purpose of tﬁj;,study is to mxamine the Eréblem cf

. 7
determining rise and /set times for visibility periods of

-

-
multiple satellitefsatellite and satellitedground staticon:

communications. Additionally, the ability to maintain

constant communication links is explored.

This research examines three means to solve the

problem: bésicliteration. the Lawton Method, and an Improved
method involving parébolic blending aﬁd a closed forw rdot
solving technigue. The greatest concentration is placed on
the final sclution and its application.

ke resnlt of this investigution is a computer program
2¢ 3¢t times for o= many as

four satellites and four ¢round stations. In additicn, the

centinucus communicaticons

between the indicated satcllites and earth vased rescurces.
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CHAFTER 1

INTRC T CTION

ili space  mission  architecture, nuch rests oo a
sateliiv=z's ability teo communizate with either an earth

based tracking staticn cr another satellite. Data relavs as
well as. tracking, telemetry, and ccmmand directicns depend
on line of sight qpportunities. Additionallvy, availability
of' cemmunicaticns determine satellite data rate

reguirements, data stcrage capabilities, ard o¢n crbit

')

processing. All these feactors afiect sazellite complexity,
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Three methods of determining the desired rise and set

times av: of ihgercst to this study. The tirse Eropagates a
hoslce vigibilley function theon reguirce linezr ifnterpoelation
to find riss/set times. The second takes adranf&;c € the
faizt Feurier transfeorm t:c dcfing éhara:; ristizs of the

wisikility curve. This methed malkies use of the Rezula Talsi

iterative techulgue to determi
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method rqéonstru:té the 'visikillity curve using parabelic
blending, then delermines rise/setl timezs using a closed form
,reot gc!ver. Tbé process for determining visibility periods
by this third method is detailed. The final result is a
computer program capéble cf handling multiple satellites and

ground . stations, determining whether or not _continuous




cemmunications among the satellites and witn the g¢round is

poszible, and complecting the task in a timely manner.




CHAPTER 2 ‘
" VISIBILITY FUNCTION,
21 G(ncrdl Discu§sioﬁ ‘

The coencept of the visibility function is central tc
any method of determining rise/set times for satellita-
satellite or satellite-ground statioh in-view periods. The
visibility function involves a> line of sight cslculation
hetween the two objects of interest. ‘ Tﬁe value <f the
function varies with t;mé in accoidance to. thq éhangidg
pusiticns of the two objects.. |

For two satellites in orbit around the carth, line cf

3ight is poss:le only when bcth objects are zabzve a plane
tangent tc the earth's surfacce.  The 'most extrime przitions

“for the satcllites which still aliow for line of zight sczur

when both lie {n the tangent plane. These posziti:tus are

defined ty the following cguuticns
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The angzle betwecen the two poziticn veztars at aay

ko)

defined as:

e

o =ririr2) _

P S U 3 : .
The visibility functicn is then defined by%:
. ' T = a1 +a: -0

itive, the’

(0]

When- the value .f th» vi-ibility function is po

satellites have line of sijht. ' Similarly, a negative valuc

indicates no iine of sight. A value of zero is either a

s Lo Ll oo i A ek ke T S e b




rise or s-t time for visibility (See Figure 1}. The same

visibility function applies to a satellite and a .ground -

station.

Orbital Geométry

NI 4

Y-

Figure 1.

2.2 Basic Rise\Set Determination .

The most direct lme;hod ofl determining visibili£§
opportunities is sma;l time step progression of the
Qisibility function.’ " At each step, the value of the
vi;ibility ‘function 1s calculated. When plqtted ver§us
time, the visibility funcﬁion yields a.visibility waveform.
}Wheéha sign éhange occurs ih»the value of the function apd

the éave ~crosses the x axis, a rise or set .time is
indicated. Linear iﬁterpolaﬁioﬁ ig'used to détermine the
exact tiné' of the érossing. Although this method is

legitimate, it is cumbersome and time consuming.. The small

time step necessary to insure the bhest solutions: usiné




linear interpclaticn leads to large data sets and an
cxtremely incfficient number cf calculations by the
computer. In order to ceter<ine the rise/set time for twc
satellite over a period of twentv-four hours with a time
"step . of five 'seconds, more than sefenteen—thousand

calculations of the visibility function alone must be

computed. As a method for real time solutions, this process

"is simply not realistic.
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CHAPTER 3
THE LAWTON METHOD
2.1 The Fast Fourier Transform
In his paper, J. A. Lawton presents a method for
determirning. visibility opportunities'using a fast Fourier
transform, FFT, to estimate the ‘period of the visibility.
waveform®. The use of the FFT is iﬁ reéédnse to the need'td
process large quantities ' of déta .points with fewer
calculations while still maintaining the accﬁfécy_ of the

interpolating trigonometric rolynomial? ., “In his

. presentation, Lawtcn uses the FFT to' select the most

prorinent medulus of the waveform from the equation?
(tk}e'(:ﬂl,\k/ﬁ: j = 1-.2,..;.!'&

whe

"
(1)

the visibility functicn at time tx

=1
rt

o
[1]

i = -1
n = number of data points:

The value of Cj with the iargest.modulué, Cimax, is then

used to determine the value of the pericd of the waveform

from the"folléwing-eQuationSS.

wisax = 2mf{jmax = 1)
Ty

P= 2=

Wimaa




Once the period of the waveform is determine, it 1is
used in conjunction with a curve scarching  technigue to

determiae the rise/set times of the objects in guesticn.

3.2 The Regula-?alsi Method of Zero Finding

The visibility waveform is first §ectioned by fractions
of the period determined vby the FFT. The slope of the
Qisibility ~function is determired in each progressive
gsection of the wave until a local maximum value c¢f the
function is isclated between a positive and'negative slcpe
value. " If the local maximum value is found”to be positive,
ating liue cof =izht i3 possiilce. thon i portion 1

P IS :

and set times.: If the value c¢f the -iszibility functiosn is
vezative at tue loeal maximum, the scarching proecss resumes

to isalate the next local maximum -alued,

Cuarve searching in this prccess is recemplished uszing

the Rezula Falsi methed of zere finding. The eguations 13




An illustration of the process is shown below in Figure 2.

afb,) - boflay)
O T fbo) - fag)

Figure 2

If the value of flco) is zero, the search is complete.
Otﬁérwise, an iterative technique begins with- reassignment

of}the variables occurring as follows?

if flao)f(:0) < O, then a1 a0 and by Co

co and b:

if ftao)fl{ce) > 0, then a1 ba

The above reas#ignment cbnt#n;es and the value of c‘ is
réc}lqulafed until f{co) is equal to zéro. In the initial
pr;cessvbf the curve examination, this'method is u#ed to
. determine the time associated with a lccal maximum in order
to. deternine if the value of the visibility function at the
local maximum is positive or ne:ative.’ In this case, no

crossing of the X axis tlkes place and the iteration of thé

Regula Falsi nethod continues until 8 = bo or \mtil the‘

.ditferonce betweon ac and be is sufficiently 'small.




Although the Lawton process is szund in the
determination of rise/se; times, it has the disadvantage of
being limited to orbits with eccentricities less than
.10 5, This i1s necessary to snsure a relatifely periodic
weveform. © Very low e§centric;:y or nearly circulawforbits
produce nearly sinuscidal waves while highly elliptical
orbits produce wave . forms much more difficult to predict.
Evidence of this can be found in the figures included with
the results tc this'workz Aperiodic waveforms may vesult in
inaccurate dgterminétion of the period and make curve
searching a more difficult task. Additionally, this method
is ohly applicable to eVenly spaced data points?. Sparse
dq:a or unevenly spaced points cannot be used with the fast
Fiuricy trauzform.

In his werk., Lawton statcs this method acccunted for
€9.947% of the rise/set times desermined bx the iteration
methed describéd previously using a spherical-Eart: zZravisy
ficld and 99.992% of the rise/set times in an oblate-Earth
:ravity ficld.s ‘Hé fails to state the accuracy of the
rise/sest timcs found by this method as camparéd‘to.the.basic
itcraticn technique. The work in this study did nof include

reproduction of his results nor investigation of the

' accuracy of this method.

PP




-~ CHAPTER 4
THE PARABOLIC ﬁtENDING TECHNIQUE
Parabolic blending'ié a method ofjcurve fitting khigh
maintain§ continuity of two parabolas forged from four data

points. The fifst parabola, p(r) is defined by points 1, 2

and 3, while the second, qfls) includes points 2,.3, and 4.

The pérabolically blended curve is formed between points 2
and 3 {See Figure 3) and is defined by?9
Clt) = (1 - tiplr) + tals) .

where 0 £ t £ 1

C(t) = (1 - t)p(r) + ta(s)

Figure 3

At t =0, C(t) has the same slope as pir) while at t =1,

qi(s) is the influgn;ial curve., The final result of the

blending is a cubic ma;htaining characteriétics‘ of both




parabolas. The equation of the curve is written as!:$
Cit) = a3t? 4+ azt? + ait + ac
where ao = P2

ap = =-.5P: + .0P3
a3 = -.3P1 + 1.5Pz - 1.5P3 +..5P;

This technique differs from the cubic spline since the
equation of the blended curve ié indépendent of all other
data points except for the four points u§ed tc define the
two parabolas?®. Also, parabolic blending works well with

both equall¥ and unequally space data points}.
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CHAPTER 5
FINAL ALGORITHM

The final result of this study is a computer program

designed to give the user the' gpticn of determining the.

visibility opportunities between a combination of'ub fo four
satellites and four ground stations. More than four
satellites or ground stations requires signifipantly more
calculations and data storage, The'step-by-steplprocess of
rise/set determination is detailed in the. sections which

follow. . '

3.1 . Sateliite Position Determination

Tc begin the process of determining the rize/set times

>y -

for satellite-satellite or satellite-3rcund station

‘visibility, it is necessary to calculate the pesition vector

2f the satellite at the start of the time of inteore

©

T, This

requires 'that six critical orbital elements be. known for

¢

this calculation. They are the mean mztion (n), inclinaticn

ti}, eccentricity {e}), lcngitude of the ascending node (2},

argument - of periapsis {tw), and the ' mean anomaly {x).'

Although the position vector can be determined from a

variety ofielcmenté. these six were' chosen since they are
readily known from an ephemeris of satellite information.
These elements and the position of the satellite are

determined with respect to the geocentric reference frame.

The first step‘ in the determination of the position

vector is the calculation of the<eééentric anomaly. - This is




conpleted through the use of the Newton-Rhapson Iterati
The equations are?:
Man = En - e SIN(En)

Ene1 = En + M= Ma
’ 1 - e COS{En)

For the first iteration, M is used in the place of

When Ens) is calculated, a comparison is made between Ep

"Ene+1. ' When the difference is sufficiently small,

iteration is stopped. For the final computer program,
tolerance was: set for a difference less than. '0.0000
Convergence of the iteration may be of coﬁcern for orb
with ecceatricitiecs approéching 1.0 2, Once determiﬂed,
final value of tn is used in tlie calculation of the t

ancmaly as follows?:

(]
O
wn
-~
"

o =~ CO2S(E)

e COS(E) - 1

SIN({v) = av !l - e?) « SIN(EY)
P

{1 - eCOS(E})

g/
"
[

Cnze the prope; qu#drant of v is determin;d, the position
vector is calculated in the PQW or pefifoéal reference
frame?.

r = rCOS(VIP + rSIN(VIQ

r = a(l - e?)

1 + eCOS{v)

the position vector in the geocentric framed.,10,

on.

and

the

the
01.
its
the

rue

A coordinate transformation 'is then accomplished to place




Thé above process determines the position vectcr of the
satellite at a given time. face this is accomplished, the
position of the satellite ﬁust be propagated through the
orbit by scme time step dictated by the user. ' This is
accomplished through the use of the_following equaticns!:

n = nof{l + 1.5J2(4s1-e2)(1 - 1.5SIN2(i))]
pZ

Q= -{1.5J2CCS(i}))n ‘
p?

w = (1.5J2(2 - 2.5SIN2(i)]}n
pz M .

These changes in - the valueslof the 'longitude of the
ascending node and the 'argument' of periapsis represent
secular perturbations resulting from anlasphericai earth.t
Once these elements cre propagated forward, the position
vector is recalculated. In order to decrease compounding
error, the position vector is propazated each iteration {rom
the original“values of 2 and w.

It is important to note other 'perturbing forces

‘including atmospheric drag were nct taken intc account for

"this study., Had drag been included, secular changes in the

semi-major axis,'eccentricityland the inclinaticn would have

been taken into account.®

5.2 Ground Station Positicn Determination

For the determination of satellite-gioﬁnd station

visibility pericds, the position of the ground station must

be calculated. This requires the user know the following

information: the year, month, day, hour, minute, and second

e et e e e - o s e o B - ~ -
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the simulation is to begin, the east longitude and geodetic
latitude of'the site, and the altitude of the site above
mean ‘sea levél. This information is used in the
determination of the Julian Date, the‘local si&ereal time of
the site, and the finél calculation of the position vector..

This process begins with the determination of the

Julian Date given the year, month, date, and time. .The

Julian Date is referenced to noon, 1 January 4713 B.C. The
equation for the Julian Date used in this progfam only

applies to dates between 1 March 1900 and 28 February

21003.19, The equation isd:
: 7{Yecar + int(ﬂqg;hig)i
JD = 387*Year - intf _ 12 )+
A
ViSeccnd + Min) '
v .60 _ __ __._ + Hour|
int(2753*Month) + Day + 1721013.5 + | _ . ..60 . ____..}
9 ’ 24

The Julian Date is then used to calculate the Greenwich

Sidereal Time at O hours UT3: '

840 = 100.°1606184 + 36000. 77004Tuy <+ *.00038793Tu?

6525.0

where Tu = Julian Date - 24§L§i$.0

The Greenwich Sidereal Time is then calculated according <o
the rotation of the earth and the universal time in terms of
angles byi:

Bg = Bgo + Welt = to)

1



Finally, the Local Sia:real Time for the site is determined

by in terms of angles?:

0 = 8g + &&
From this point, the rosition vectcr ¢f the site in the

geocentric frame is.calculated from?:

X= | __ ae _ + H ! COS(L)
: \'1 - engIl\"".L) :

Z = |_8ell - ee?) + H } SIN(L)
V1 - ee?SINZ2(L) o

r = X COS(O!I + X JIN(O)J + Z K

In a manner similar to the'sateilite p§siti3n vector
propagation, the site position vector is propagated ahead
wifh respect to the rotation of tie ear.h aud ghc time step
indicated. It should be noted that both the satellite
posi£ign vector and the ground site poszsiticn vector may be
calculated usiang either a ;pherical 2arth 5: an oblate esarth
in accordance to the users choice. If an c¢blate earth is
cﬁosen, the K compcnent cf both'position vectors is ;caled

bya factor of 1/0(y1 - ee?) 1.3,

5.3 Rise\Set Time Determination
Once the stifion vectors of the' two cbjects of
intefest havé  been déternined, the visibility function . is
calculated at each time'step;i Although'ahy time step may be
épecifiea by the pfogran usér, it is suggested 235 ‘éecond

steps be used to allow for computer efficiencyr.}! Extremely




stated previcusly, the tlended curve is cellneg b

large time s*teps may tresult in missed rise/

v

ct timesz. In
order to insure complete evaluation of the entire time of
interest, the positisn vectors and visibilits furcticn are
caiculated for times one s=tep carlier and one 3tcp later
than specified by the user. Starting at time equal ta zera,
parabolicz blen&ing is applied t5 the first four visibility
function daia pecints. The equation of the curve betwaeen
points 2 and 3 1is calculated. " The regl roots of the
resulting cubié‘equation are computed using a éiosed form
root solver®. The equations to compute the real rootslof a
quadratic are included in the program in the event the
blended cu;ve'is a second degree pslinomial or a'straight

line. All complex roots are icnored for this rrocceess. As

P

Clt) = (1 - £IP(r) + tqls)
vhere t ~may ‘take an\'lvalue between C and 1. For this
reason, only roots between and includinz 9 z2nd 1 are
considered.

When a real rcot meeting the abov- requirements is

determined, the <coefficients ao, a1, a:, and -a3 are

recalculated using the times.corrcsponding to points 1, 2, 3
and l.'.Tdé‘roots of the priginal blended equation are then
substituted into ghis secqnd blended eéuatipn; TS:
resuiting value of'the blended equation is a rise or set
time. The root is then increased by a small increment and
the value of the secondlequation is recalculated. If the

valuz is positive, thgn_thé root in questicn represents a

17
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rise time. Similarly, é_negative value répresgnts a set
time. |

The next blended cufve is calculated between pointé‘3'
And { and then checked for roots. This.progesﬁ continues
until the entire visibility waveform has bezan evaluated.

The result is a rise/set history for two objects over a

given time period.

5.1 Continuous Visibility Check

As previously mentioned, the final compuier program
offers the wuser the option of selecting up to four
satellites and four ground stations for e§aluation of
r;se/set times. It ié the pdrpose of 'the continucus
visibility chéck to evaluate the rise/set xisﬁcry in order
to determine if constant communication is possible»among the
2itven satellites or betweén the grqund'and a constellatiocn

of satellites.

There are basically two types of éommﬁnication links
for satellite communications.. They are forwéfd/reverse
links whieh oqéut between satellites, and uplink/downlhﬂ;
occurring setween a satellite and the ground!!., For two
satellites, forward/reverse contiﬁuous commuﬁicgtion'is nc@
possible‘if a risg or set'occ§rs or.if éhe satellites were
not in cqnstﬁnt éomhunicati§n from the Beginning of tﬁe
e§aluation. For a three satellite coﬁﬁtellat}oh, at least
two ‘paths; of visibility out of a possibié_{three must be

maintained .at all times for constant communication to be

'
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possible. Similarly, four satellites require three paths of

visibility out of a possible six, Additionally, checks are
made to determine if each ground station is in view of at
least one satellite at all times for the purpose of
upyink/downlink caﬁabilities.

The continuous visibility check is accomplished by
constructing a table containing every rise and set time for
each possible communicafions path. For example, in a three
satellite constellatién, rise/set times are determined
between satellites =1 and 2, =1 and =3, and 2 and 3. The
table for this éonstellation'would included all the rise and
set times from these satellites. These rise/set
opporfunities represent critical times since they are the
sniy  timcs ﬁurin; the simulaticn when the szzatus of
visibility can change. In order‘ to‘ accomplish the
centinuous visibility check, the status of each visibilityr
sath must be determined at every rise se£ time. For the
pregram, a (1} was used if two satellites were»vis;blc or
experiencing a rise’at a given time.  Similarly, a {0) was
used fo; a state of no visibility or a set. An example of a

three satellite table is shown below.

"
[3+)
2
"
(&

Time Sat's 51 & =2 Sat's =1 & =3 .Sat's
{sec) ‘

0
128
356
700
825
967

- OO0 0

OO QM r
COOMO

co PP
PO a ~_:g~.-u.'~(u_¢\-“"-. - el .




As mentioned before, for constant communication to be
maintained for a three satellite cénstellation. at least two
paths of visibility must be available at all times. That
means the sum of the (1)'s and (0)’'s at a given time in the
table mugt be greater than or equal to two. In the example
above, communication is broken at 128 seconds and is not re-
es@ablished until 967 seconds.

The same process is used for’ a four satellite
constellation. In such a case, there are six possible
cemmunication paths, and the sum &t any given~rise or set
time must be éreater than of equal'to three, For ground
station to satellite commﬁnipatioh, the. ground stat;on must
be zble to .communicate with at least cne séteilite at any
time., Therefore, the sum at each rise and set <ime mist be
greater than or equal to one forvconstant communication to

be maintained.
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CHAPTER 6

RESULTS

Attached are the results of three different runs of the
final computer program attached in Appendix D. ~Run - 71
represents a validation of the rise/set algorithm of the

pProgram. The results of this program were compared to the

results contained in the research published in reference

one. The initial orbital elements of the foqr s&tellites
used in the program are found preceding the rise/set fimes.
This run was achieved over a time of 86,400 seconds and é
250 second time step with a spherical earth. These resﬁlts

vere almost ‘identical to those achieved by the separate

rrecram created by Alfano and Negront, Also iacluded with

the first run results are the rise/set values calculated

using the basic iteration method mentioned earlier in the

recearch., For this basic method, a 10,000 second time span
was evaluated in 5 second intervals. The greatest variance
in the compared results was less than 1 second. It should

be noted the computer time to generate the visibility curve

for the 10,000 second bas1c method between two. satell1tes‘

was 12 minutes, whxle only K} minutqs were requxred using the

'parabolic blending method over a 86,100 seconds with a 250

second time step.’ Run =1 also included a results using a
ground station and one satellite. This run involved a 125
gsecond time step over 86,100 seconds and an oblate earth.

These results are allo found in Appendix A and compare

" almost identically to thoso achieved by Alfano and hegronl




The pasic iteration method was'aﬁplied to this data as well
and the results can bgvfognd in the adjoining column. The’
greatest variation between the parabolic blending meth&d.aﬁd
the basic iteration method in this case was apérbximatély 3
secounds. | |

The results of the second run are included in Appendik‘
B. fhese results use the same gatellites and the:gtéund
station from run 1 but all calcuiations involved thé use of .
an obiate earth. As expected, the oblate eanthnresultgd in
earlier rise times aﬁa later set times!. Additionglly,vthe
continuous vi;ibility check was emplovred in,this'rgﬂ; Plots
of fhe visibility function of the ground station véésus each
of the four satellites is included in this Appendix.

- sdditionally, the combined plo: of'ail fsur satelliﬁE—gr;und
station functions ;re included as well as the six'possible
visibility combirations of the four satelliteé.. Theze
combination plots can be used to ver$fy the results of the
continuous visibility'gheck.

Appendiklc contains data resulting from thé-tﬁird rin
of the progfan. - This run was intended to checs theﬁboﬁplete
capabilities of_ the'-prograﬁ' by . using four '&ifferont
séteilites and four different grouna.station;. ’Thé.run wase
acconplishéd over a time span of 86;400 seconds at a i;me
steplof'lis seéond;1r Data fof thelsatqllites was chosen
randomly fros an érbitalf elelentv e§hemer£s of aétual'
satellites provided by the United States Space Commandv The

four ground stations chosen are Space Shuttle trgck;ng'

- ¥




sites. They include3: (s£1) Kaena Point, Hawaii; (=2) Mahe
Island, Indién Ocean; (#3) Thule, Greenland; {z1) Vandenburg
Air Force 'Base, California. Again, the plots of the

visibility funct.ons are included and may be used to verify

the results of tue visibility check. The total run time for

this case was aporoximately twenty minutes.




CHAPTER 7
CONCLUSIONS
Whilé the basic iterative technique and Lawton'§ method

are viable solutions to the rise and set time problem,.the
use of parabolic blending.and a closed form solution has
mén& advantages. First, parabolic blending is a flexible
means to‘::constructlthe visibility curve. It can be used
with sparse or unequally spaced data and is not restricted
to neér circular orbits. Second, a closed form root solver
allows rise/set times to be calculated directly rather than
by an iterative technique thereby reducing computer run
time. The resulting timely determination of rise/set times
makes ﬂhis method a wuseful tcol for use with multiple
satellites and ground stations. Additionally; the inclusion
of-a‘continuous visibility check makes fhis program a useful

tool for the investigafion of satellite requirements and

space mission design.
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Longitude of the Ascending Node : 0.00000000 DEG
_ Argument of Periapsis : 0.00000000 DEG

TN

INITIAL ORBITAL ELEMENTS OF SATELLITE #2:
Eccentricity : 0.9363060000

Inclination : 64.98740000 DEG

Mean Anomoly : 0.00000000 DEG '

Longitude of the Ascending Node : 0.00000000 DEG

Argument of Periapsis : 0.00000000 DEG
INITIAL ORBITAL ELEMENTS OF SATELLITE =3:

Eccentricity : 0.0078742000

Inclination : 82.87090000 DEG

Mean Anomoly : 0.00000000 DEG .

Longitude of the Ascending Node : 0.00000000 DEG

Argument of Periapsis : 0.00000000 DEG
INITIAL ORBITAL ELEMENTS CF SATELLITE =4:

Eccentricity : 0.0048964000

Inclination : 144.64140000 DEG

Jean Anomoly : 0.000000C0 DEG

Longitude of the Ascending Node : 0.00000000 DEG

Argument of Periapsis : 0.00000000 DEG

ﬁise/Set'Times.between Satellite 21 and Satellite #2:
83679.13091 SEC - SET

Rise/Set Times between Satellite 21 and Sateilite #3:

1450.33207 SEC - SET 1450.222816 SEC
3965.41739 SEC - RISE 3965.454545 SEC
6889.49771 SEC - SET 6889.599589 SEC
9371.13568 SEC - RISE 9371.062356 SEC

12399.31335 SEC - SET
11774.02357 SEC - RISE
18419.90807 SEC - SET
20218.05526 SEC - RISE
25546.76967 SEC - ‘SET
27789.37858 SEC - RISE
30949.66914 SEC - SET

. 33360.02044 SEC - RISE
26352.15032 SEC - SET
32814.44384 SEC - RISE
31760.11003 SEC - SET
$4235.69347 SEC - RISE
17181.56457 SEC - SET

49643.34461 SEC - RISE
$1€36.48892 SEC - SET

35045.12369 SEC - RISE
$8209.92219 SEC - SET

60445.35653 SEC - RISE
€5807.11706 SEC - SET

. 87619.78663 SEC' - RISE
. v1227.163¢4 SEC - SET

: 13604.36321 SEC - RISE
76628.56161 SEC - SET

' 79111.00284 SEC -~ RISE
. 22033.92906 SEC - SET

34549.30712 SEC - RISE .
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SET 7692.050C0¢ SEo | 28

TEVL 03¢l SEC -
99¢0.7419% SEC - RISE |
- 13747,24317 SEC - SET
; 13652.27191 SEC - EISE
19.34.8777 SEC - SET
213¥2,21357 SEC - RiISE
Z5u8E. 48487 SEC - SET
27134.225€ SEC - RISE
30&10.51947 SE¢ - SET {
329€1.4048T SEC - RISE
36€1°.71122 SEC - SET - | - [
38842.89352 SEC - RISE
42484.01314 SEC - SET : A
44737.1003% SEC - RISE .
48377.75627 SEC - SET . ' !
50604.70112 SEC - RISE
540259.69384 SEC - SET .
56413.52413 SEC - RISE
§0087.93877 SEC - SEI
- 62158.24402 SEC - RISE ' ‘
65841.04025 SEC - SET :
67888.41159 SEC - RISE
71560.14273 SEC - SET
73673.39260 SEC - RISE
7T7319.73512 SEC - SET
79526.35809 SEC - RISF
83147.81813 SEC - SET
85412.55717 SEC - RISE

- Rise/Set Time§ between Satellite %2 and Satellite 2£3:

2997.87843 SEC - SET - 2997.887324 SEC '
5931.10222 SEC - RISE , 5931.141593 SEC : ;|
8939.96295 SEC - SET 8939.946429 SEC - . ;
11435.44639 SEC - RISE : :
14472.78852 SEC ~ SET
16877.79953 SEC - RISE :
19934.36110 SEC ~ SET : g
22297.74182 SEC ~ RISE _ . 5
25367.33066 SEC -~ SET ‘ f :
27706.27682 SEC ~ RISE :
. 30785.29945 SEC ~ SET
33108.06577 SEC ~-. RISE
36194.14202 SEC - SET .
38505.34408 SEC - RISE
41597.01520 SEC - SET
43899.47815 SEC ~ RISE
16995.62990 SEC - SET
49291.29522 SEC - RISE
52391.13773 SEC -~ SET
54681.30707 SEC - RISE
57784.28440 SEC - SET
- 60069.96329 SEC - RISE
63175.51700 SEC - SET
, - 65457.45070 SEC - RISE
Y, 68565.29108 SEC - SET
- 70844.04327 SEC - RISE
73953.83055 SEC - SET
76229.83962 SEC -~ RISE -
79341.37564 SEC - SET -
81615.05419 SEC ~ RISE
~ SET

84728.02933 SEQ

— s




i R R g

Rise/Set Times between Satellite 33 and Satellite '#4:
: +728.253012 SEC

83937.59649

- -

13412.02208 SEC - RISE
17528.54531 SEC - SET
19673.27556 SEC - RISE
23787.20492 SEC - SET
25923.63498 SEC - RISE
30032.62420 SEC - SET
32169.13711 SEC - RISE
36275.30607 SEC - SET
38411.96192 SEC - RISE
142516.36090 SEC - SET
44653.14374 SEC - RISE
48756.32667 SEC - SET
50892,22948 SEC - RISE
§4995.50864 SEC - SET
§7132.55012 SEC - RISE
61234.12410 SEC - SET
63371.29703 SEC - RISE
67472.30883 SEC - SET

 69609.58623 SEC - RISE
73710.14286 SEC - SET
75847.56839 SEC - RISE
79947.69212 SEC - SET
82085.26989 SEC - RISE
86185.16424 SEC - SET

728.00260 SEC - -SET
2144.97084 SEC - RISE
3508.89011 SEC - SET

' 34217.02408 SEC - RISE
35246.56198 SEC - SET
36889.15759 SEC - RISE
38274.52867 SEC - SET
39624.21934 SEC - RISE
41174.78140 SEC - SET
12839.99372 SEC - RISE
43670.74866 SEC - SET
72091.70409 SEC ~ RISE
72474.06899 SEC - SET
74570.33847 SEC - RISE
75735.76905 SEC - SET
77179.52589 SEC - RISE
78783.75035 SEC - SET
80215.31302 SEC - RISE
21418.26446 SEC - SET .
83415.21845 SEC - RISE

SEC -

SET

21145.755968 SEC
3508.638444 SEC

—




THE LOCATION OF GROUND STATION'=IJ

EAST LOMNGITULE: 0.000000
" GECDETIC LATITUDE: 29,000000
ALTITUDE ABCVE THE EARTH ELLIPSOQID: 2,900000
INITIAL OREITAL ELEMENTS OF SATELLITE =::
Eccentricity : 0.0078742000
Inclinaticn : 2.87090000 IE3
Mean Anomoly : 0.00000000 DEG :
Longitude of ti.e Ascending Node : 0.00000000 DEC
Argument cf Periapsis : 0.00000000 LEG
RISE AND SET TIMES EETWEEN GROUND STATICH s1 AND . SATELLITE
366.33816 SEC - RISE 366.4128596 SEC
793.74316 SEC - SET 793.3902878 SEC
5973.86027 SEC - RISE 5972.4175820 SEC
6041.56943 SEC - SET - 6044.6470590 SEC
39460.44479 SEC. - RISE A
39949.95608 SEC - SET
44907.37075 SEC - RISE
45262.93512 SEC - SET

8661.28564 SEC RISE

i et e, - 4t i -




Appendix B: Program Run 22




Rise/Set
1160.52842
3951.5541L
- $901.04371

9357.44428
12414.53351C2
14750.81501
18432.43123
"00 bolb

Rise/Set Times oetween Satellite

1807.91373
1069.37257
7695.00886
9900. 04560

13349.39377

15662.26623

19335.91349

21381.74668

25066.47341

27132.76382

2997,97683
$921.020€1
£831,66729
114o7.18027
1)47‘3‘ LJdun 1
16868.98772
19941,62120
22:88.62982
25373.12704
27696.99584

SEC -
SEC ~
SaC -
seEC -
SEC -
SEC -
3FC -
SEC -
s -
SeC -

SEC -
SEC
SEC -
SEC -
SEC -
SEC -
SEC -
SEC -
SEC -
SEC -

SEC -
SEC
SEC -
SEC -
SEC -
SEC -
SEC -

SEC -

SEC -
SEC -

Times botween Satellite =1 and Satellite-=3:

SET
RISE
SET
RISE
SET
RISE
SFT
RISE
SET

RISE

#1 and Satellite #i:
SET :

+ RISE

SET
RISE
SET
RISE
SET
RISE
SET
RISE

- Rise/Set Times between Satellite =2 and Satellite' =3:

SET
RISE
SET
RISE
SET
RISE
SET
RISE .
SET
RISE

Eise/Set Times between Satcllite =2 and Satellite szi:

49’9.¥ 2624
lel 2257
11273416 0"
13107.13372
17537.31139
19669, 08990

123788.08220

25919.79943

SEC -
CEC -
CEC -
SEC
SEC
SEC
SEC
SEC -

SET
RISE
SET
RISE
SET
RISE
SET
RISE

Rise/Sethiles between Scotellite

738.80937 SEC - SET
2137.92179 SEC - RISE
3016.84185 SEC - SET

»

(&)

and Satellite #4:
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INOTE: NO ENTRIES OR MESSAGE BELCW INDICATES CONTINUOUS

Communications
Communications
Communications

! Communications

Communications
Communications
Communications
Tommunications
Communications
Communications
Communications
Communications

broken at 3516.84185 SEC
re-established at 3954.5941) SEC
broken at 8911.667Z9 SEC
re-established at 9357.44428 SEC
broken at 14479.19061 SEC
re-established at 14750.81501 SEC
broken at 19335.91319 SEC
re-established at 19669.08990 SEC
broken at 19941.62420 SEC
re-established at 20062.68746 SEC
broken at 25375.13704 SEC
re-established at 27132.76382 SEC
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COMMUNICATIONS. )
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KISE AND SET

KISE AND SET
~200.75093

~ 3060.09662
' 13147.6%. 3

RISE AND SET
366.33816
793.74518

5973.86027

6041.36945

RISE sND SET

TIMES BETWEEN.GROUNﬁ STATION

TIMES BETWEEN GROUND STATION #1 AND

SEC - RISE
SEC --SET
SEC - RISE

1 AND

o

SATELLITE #1:

1"®
b
.

SATELLITE #2:

"
[

35

TIMES BETWEEN GROUND STATION s

SEC
SEC
SEC
SEC

TIMES BETWEEN GROUND STATION

RISE
SET
RISE
SET

L]
P

AND SATELLITE :

"
(2]
)

1 AND SATELLITE s4:

k1)
48

COMMUNICATIONS STATUS BETWEEN GROUND STATION #1 AND THE FOUR GIVEN SATELLITES:

(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOLS

- COMMUNICATIONS. )
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Program Run ;3




TIME FOR BEGINNING THE SIMULATION: 17:30.45

THE LOCATION OF GROUND STATION #1
EAST LONGITUDE:  201.735000
-~ GEODETIC LATITUDE: 21.571500
} ALTITUDE ABOVE THE EARTH ELLIPSOID: - 0.000000

THE LOCATION OF GROUND STATION 42

EAST LONGITUDE: 55.480000

GEODETIC LATITUDE: -4.669900

ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

THE LOCATION OF GROUND STATION =3

EAST LONGITUDE:  281.400000

GEODETIC LATITUDE: 76.508200

ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

THE LOCATION OF GROUND STATION #1

EAST LONGITUDE:  239.498300

GEODETIC LATITUDE: 34.823100

ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

INITIAL ORBITAL ELEMENTS OF SATELLITE #1:
Eccentricity  : 0.0668128000
Semi-major Axis : 117819.33911850 KM
inclination : 57.35000000 DEG

* Mean Anomoly : 274.64810000 DEG
Longitude of the Ascending Node :
Argument of Periapsis :

INITIAL ORBITAL ELEMENTS OF SATELLITE =2:
Eccentricity : 0.0003109000
Semi~-major Axis : 42164.58832806 M
Inclination : 0.00990000 DEG
Mean Anomoly : 132.80340000 DEG
Longitude of the Ascending Node :
Argument of Periapsis :

7.

INITIAL ORBITAL ELEMENTS OF SATELLITE =3:
Eccentricity : . 0.0145072000
Semi-tajor Axis : 7496.11095141 KM
Incliition : 90.26190000 DEG
Mean A:aomoly : 246,05610000 DEG
‘Longitde of the Ascending Node :

65.63070000 DEG
79.11000000 DEG

227.28610000 DEG
359.92590000 DEG

107.70380000 DEG

Argument of Periapsis : 115.36590000 DEG -

INITIAL Of.BITAL ELEMENTS OF SATELLITE =4:
Eccentricity : 0.0531098000
Semi~-major Axis : - 7210.27162153 KM
Inclination : 66.05630000 DEG
Mean Aicmoly : 245.56390000 DEG
Longit:.'e of the Ascending Node

108.27480000 DEG

Argusent of Periapsis o 119,97980000 DEG

© e ey
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Rise/Set Times between Satellite #1 and Satellite #3:
2096.74276 SEC - SET
-~ . 3749.77870 SEC - RISE

! 8657.22758 SEC - SET
10396.52711 SEC - RISE
15206.50054 SEC - SET
17033.58950 SEC - RISE

S e

217147.79647 SEC - SET
23658.24122 SEC - RISE
28283.42317 SEC - SET

Rise/Set Times between Satellite #1 and Satellite 74:
1307.23847 SEC - SET
3272.45823 SFC - RISE
1307.23028 SEC - SET
9472.56593 SEC - RISE
13707.25247 SEC - SET ' : X
15679.29431 SEC - RISE . i
19906.64430 SEC - SET : ‘
21891.90738 SEC - RISE
26104.35521 SEC -~ SET
28109.37531 SEC - RISE

Rise/Set Times between Satellite #2 and Satellite #3: . 2
9589.46045 SEC - SET ' ;
9952.64793 SEC - RISE

+ 15090.00549 SEC - SET.
17190.80137 SEC - RISE
21406.02460 SEC - SET
23759.34470 SEC - RISE .

27853.51599 SEC - SET | | S | :

Rise/Set Times between Satellite, 52 and Satellite s4:
146.81313 SEC - SET
2048.36595 SEC - RISE

7176.32283 SEC - SET

9093.61752 SzC - RISE
13570.46290 SEC - SET
13790.10429 SEC - RISE
19826.60084 SEC - SEI
22187.89728 SEC - RISE
26069.57330 SEC - SET
28469.81596 SEC - RISE

Rise/Set Tlnes between Satellxte #3 and’ Satellite #4: : ‘
13706.79928 SEC - SET
16641.32575 SEC - RISE

+ 18745.74240 SEC - SET

COMMUNICATIONS STATUS BETWEEN SATELLITE #1, %2, #3, AND  #4:
{NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS. ) ‘
Comsunications broken at 15090.00549 SEC ' . |
Communications re-established at 15790.10429 SEC
- Communications broken at 21406.02460 SEC.
_ ' Communications re-established at 22187.89728 SEC
Communjications broken at 27853.51599 SEC : ' S
Comsunications re-established at 28139.37531 SEC - T
Communications broken at 28283.42317 SEC. . o L
Communications re-established at 28469.81586 SEC ¢ ' I .

.
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27189.14692 SEC - SET

RISE AND SET TIMES BETWEEN GROUND STATION #1' AND SATELLITE #2:

* RISE AND SET TIMES BETWEEN GROUND STATION #1 AXND SATELLITE £3:
6659.66079 SEC - RISE '
7205.64965 SEC - SET
12742.74680 SEC - RISE
13876.25363 SEC - SET
19342.09950 SEC - RISE
20205.80586 SEC - SET

RISE AND SET TIMES BETWEEN GROUND STATION &1 AND SATELLITE #4:
12011.00325 SEC - RISE
12888.92281 SEC - SET
18219.91633 SEC - RISE
19170.28556 SEC - SET

' COMMUNICATIONS STATUS BETWEEN GROUND STATION #1 AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS. )

x




RISE AND SET
18845.80416

RISE AND SET

" RISE AND SET

2776.71326
3809, 60347
19232, 43874
10218.11934

RISE AND SET
3233,90819
8752.25542
9560.37871

TIMES
SEC -

TIMES

TIMES
SEC -
SEC -
SEC -
SEC .-

TIMES
SEC -
SEC -
SEC -
SEC -

BETWEEN GROUND STATION #¢ AND SATELLLIIE #1:% 43
RISE \ - T

BETWEEN :GROUND STATION :

BETWEEN GROUND STATION

RISE
SET
RISE
SET

BETWEEX GROUAD STATION &8

RISE
SET
RISE
SET

n
(34

AND SATELLITE #2:

(8-

AND SATELLITE £3:

"
1
w

N

SATELLITE

n
3
-
2
"
vy

COMMUNICATIONS'STATUS BETWEEN GROUND STATJON 2#2 AND  THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS. )
0.000000000000000

Communications
Communications
Communications
Communications
Communications
Ccmmunications

x .

broken at
re-established at
broken at
re-established at
broken at
re-established at

2575.55488485389

3809.60546671516

8752.25541685105

. 10218.1193431246

18845.8041619931
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26262.61775
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RISE AND SET TIMES BETWEEN GROUND STATION #3 AND

’ - RISE AND SET TIMES BETWEEN GROUND STATION #3 AND
! 863.15409 SEC - RISE
1929.46674 SEC - SET
7439.15083 SEC - RISE
8459.80178 SEC - SET
14032.54055 SEC - RISE
15028.79748 SEC - SET
20602.42738 SEC - RISE
21618.43278 SEC - SET
27132.37091 SEC - RISE
28188.78822 SEC - SET

RISE AND' SET TIMFS BETWEEN GROUND STATION #3 AND
994.31344 SEC - RISE
1550.61962 SEC - SET
7128.82589 SEC - RISE
7759.49949 SEC - SET
13314.18646 SEC - RISE
13955.25665 SEC - SET
19524.67231 SEC - RISE
20130.86382 SEC - SET
25748.10806 SEC - RISE
SEC - SET

GNACLLLILE Fii 44
SATELLITE #2:

SATELLITE #3:

SATELLITE =4:

" COMMUNICATIONS STATUS BETWEEN GROUND STATION 23 AND  THE FOUR GIVEN SATELLITES:

© {NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS

Communications
Communications
Communications
Communications
Communications
Communications
Communications
Communications
Communicaticns
Communications
" Communications
Communications
Coemunications
Communications
Communications
Communications
Communications

x

broken at 0.0000000000000C0
re-established at 863.154088411520
broken at 1929.46674256308 '
re-established at 7128.82589091173
broken at 8459.80177798542 '
re-established at 13311.4864571971
broken at 13955.2566531969
re-established at 14032.5105513214
broken at 15028.7974810107 '
re~established at 19524.6723377486
broken at 20130.8638220673
re-established at 20602.42737535799
broken at 21618.4327781578 :
re-established at 25748.1080570079
broken at 26262.6177511727
re-established at 27132.3709121300
broken at 28188.7882164166

COMMUNICATIONS. }




- RISE AND SET TIMES BETWEEN GROUND STATION' #4 AXND SATELLITE #1: 45
15864.12078 SEC - SET

RISE AND SET TIMES. BETWEEN GROUND STATION #4 AND SATELLITE #2:
* RISE AND SET TIMES BETWEEN GROUND STATION #4 AND SATELLITE #3:

160.74120 SEC - RISE
1145.77540 SEC - SET
6518.52238 SEC - RISE
7628.58607 SEC - SET

13356.74233 SEC - RISE
13863.55253 SEC - SET

+4
v
.o

RISE AND SET TIMES BETWEEN GROUND STATION 24 AND SATELLITE :
5188.38578 SEC - RISE ' :
7079.50299 SEC - SET

12477.73425 SEC - RISE

13319.74884 SEC - SET

19231.12443 SEC - RISE..

19321.51031 SEC - SET

- COMMUNICATIONS STATUS BETWEEN GROUND STATION #4 AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS. )

Communications broken at 15864.1207815273
Communications re-established at 19231.1244274451
Communications broken at 19321.5103139570
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VISIBILITY FUNCTION: DATA SET #2
~ i : Satelitas 41 42,43, and #4 '
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*  PURPOSE: This program determine< rise set times for inview *
* periods for satecllite to satellite or satellite to *
* ground station viewing. This program is designed *
* to accommodate up tc four satellites and as many *
* ground staticn. The following information is *
* necessary to be able to use the progran: *
* Satellite Orbit: 1} Eccentricity *
* -2)%Length of Semi -mzjor Axis *
% 3) Inclination x
. * 4) Mean Anomoly .
* 3) Longxtude of the Ascending *
x Node *
L ' 6) Argument of Periapsis x.
* Grouad Station: 1) Julian Date in Question *
* 2) East Longitude *
* 3) Height Above Sea Level ¥
* Other required information includes the amount of time *
* of interest and the desired time step for incrementa- *
x tion. The program is not limited to any partxcular ¥
= t\pe of orbit. *henged t» Mmean motion ¥
¥ %
L VARIABLES. . *
* CHOICE - the number of satellites indicated by the user *
* ELIP2 - square of the eccentricity of the earth *
* LA, | - the number of ground stations indicated by the user *
* S2TU - converts SEC to TU; includes the steps size *
¥ SIZE =~ stcp size {SEC} *
* STEPS =~ number of steps' . *
¥ TIME - totzl time of intersst (MIX) *
» YOEN - ¥0S OF nC response *
* SOROB - spherical or oblate earth x

-;is::ssx::t::a:t:::x‘t;:t:::a:xzxtztt:zttttt:t;t:tt*x:txt:tttt*t*tt::
EiLs8 ELIP2,TIME,SIZE,S2TU
I‘xEuER CHCICE,NUM, SOROB,STEPS, YORN

OPEN({UNIT=28,FILE="RISESET.DAT’,STATUS=’ \Ek"
EEAERES AR R AR AR R IR RN AR AR ARV RRRRR N ARARRRRA R4

* : : USERS CHOICE *
#*:ttt81*“‘#*!**ttttttt***‘tt*ttttttttttttttl*#tt#8****#***#*!#*#****9
PRITE(®,¢)’ This program is designed to determine rise and’

FRITE(#,*} 'sct times for satellite to satellite viewing as wellf
. WRITE{#*,%)'as satellite to ground station viewing. If you chocse’

"WRITE{*,*)'to enter ground stations, satellite to satellite risg’
WRITE(#*,*}’and sct times will be ccaputed as well as satellxtg
. YRITE(*,*}’to ground station rise and set times.’'
© WRITE(#*,*) : ‘ ,
1 WRITE(#*,*)’ . Are you interestod in sgtellite to ground station’
© WRITE(#*,%)'viewing” 1)¥es 2)%o0
WRITE(*,%)’' =2=zz3=2) °* '
READ(* » ERR=1)}YORN.

IF (\ORN GT.2.0R.YORN.LT.1) THEN
" WRITE(*,*)'Your selectxon was not a valid response. Please
WRITE(*,#)"select again.’
GOTO 5
ENDIF

ZLVRITE(‘ %)’Are you interested in nodeling a spherical earth'
WRITE(*,*)’or an oblate earth? llSpherical 2)Oblate’ - .
nln(t,t)" ssazx) ' Coam
READ(*,* ERRs2)SOROB

B Mbnrd oy s
e S A

Pt SO TE S AR
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alidd b = V.UMV

ELSE IF (SOROB.EQ.2) THEN
ELIPZ = 0.00669437999013D0

ENDIF
) REERRERRERRRREITERERE R R RS AR R TR R R REXERE KRS R AR R RAEERERRRRNA KK S
* The following prompts the user to enter the values of the x
* time of interest and the step size. *

LI 2223222 2222333223233 3222220222322 2223 222223222222 22332223322 2

53 WRITE(*,*)’¥hat is the total time of interest (in minutes) ==> '
READ!*,% ERR=3)TIME
WRITE!*,*)'The time entered above w%ill be evaluated in steps.’
WRITE(*,2)'The choice of step size is up to yrou; however, it '
HRITE(*,*)’should be noted that step sizes too large may result’
WRITE(*,*)'in missed rise and set times. A suggested step size’
WRITE(#*,*)’is 250 seconds.’

6 WRITE(*,%)'What is the step size of 1nterest {in secs) ==> !
READ({*,* ,ERR=6)SIZE

TIME = TIME*60.0D0
STEPS = DINT(TIME/SIZE)
S2TU = SIZE/806.8103818D0

**tt**#*t****#*#**####*t#**tt#t#tt**t**#t*ttt#**#tt##t####t*t##*#***#

* The following prompts the user to enter the number of ground %
* stations and/or satellites he/she desires *
AEFEKEEER KRR EEAEREKRRERKRRRRRXEERKRRXRERRBR LSRR NERREEREXKERERERRKA
IF {YORN.EQ.1) THEN
8 WRITE(#*,*) ’How many zround statioens do you desxre. Please’
" WRITE(*,*)'make vour selection froam below.’
WRITE(*,*)’ 1) 1 Ground Station’
KRITE(*, %)’ 2) 2 Greund Stations’
WEITE(x,*)’ 3} 3 Ground Stations’
WR!TE(*,*)’ i) { Ground Stations’
" WRITE(*,*)'====> '
READ(*,* ,ERR=8)\M

IF {¥UM.LT.1.0R.5UM.GT. 1) TRHEN
WRITE(*,*) 'Your entry was not valid. Please reenter the’
WRITE(*,*) nugber of grcund stations.’
GOTO 8

ENDIF

9 WRITE(*,*}'How many satellites do vou wish to entex? Please’
WRITE({*,*) make your selection from below.’ '
WRITE(#*,%)’ 1) 1 Satellite ’

WRITE(*,%)’ 2) 2 Satellites’

WRITE(*,#)’  3) 3 Satellites’

WRITE(*,*)’ 4) 4 Satellites’
WRITE(*,%)’'==22) '

READ(*,%,ERR=9)CHOICE -

CALL GANDS{CHOICE,ELIP2,NUM,S2TU,SIZE,STEPS)

ELSE
.10 WRITE(*, *) Please make a selection for the type of viewing
WRITE(#,%) " you prefer:’
WRITE!*,#*)’ 1) 2 Satellite Viewing' .
, ' WRITE(*,‘)' 2) 3 Satellite Viewing’
L _WRITE(*,*)’  3) { Satellite vming
-~ WRITE{*,*)’zzxz=) '
READ(®*,* EBR:IO)CHOICE
- NiM.z 0

p

IF (CHOIC! LT. 1 OR CHOICE.GT. 3) THEN
. C WRITE(' *)'Your choice was not \alid.’Please re-enter

N

— e —




- CALL SATS(CHOICE,ELIP2,S2TU,SIZE,STEPS)
vENDIFl

' CLOSE(UNIT=10)
'CLOSE{UXIT=11)
CLOSE(UNIT=12) -
CLOSE(UXIT=13)
CLOSE{UNIT=14) .
CLOSE(UNIT=13)
CLOSE(UNIT=25)
CLOSE(UNIT=31)
CLOSE(UNIT=32)
CLOSE(UNIT=33)
CLOSE(UNIT=34)

EXD

ot amrin
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PURPOSE: The purpose of this subroutine is to coordinate the
determination of rise’/set times between satellites
and ground stations.

VARIABLES:

INPUT: :
CHOICE - the number of satellites indicated by the user
XM - the number of ground stations indicated by the user
S2TU - converts SEC to TU
SIZE -~ step size (SEC)
STEPS -~ number of steps

LOCAL:
DAY -1 to 31 :
ELIP2 - square of the eccentricity of the earth
ELONG - east longitude position of the ground station .
GLAT - geodetic latitude of the ground station :
H - altitude above the earth ellipso.d ¥
HOUR -0 to 23 .
JD - Julian Date i 2

RIND - determines whether continuous visibility involves
a ground station and three satellites (0) or three
4 satellites (1)

MIN

PR IR S R R B R N NE AR R NREE R R I A R R R R CNE K L BE B
PSR IR B IR BN BT N B R NE CEE BE EE L NE NE NE B R R R BE BE N B R R AR

-0 to 59 .
MON -1 to 12 ‘.
SEC . -0 to 39 ;]
TATE - variable that defines file number i
T - time corresponding t:s a given step :
VAR - varizble that defines file number
VIS - value of the visibility function at a given step .
YEAR - 1900 to 2100 | }
AR AR E AR AR RIS RR SRR R KA RE AR KA R KR A RNR R AR EXEX AL AR RRERXXE it
SUBROUTINE GANDS{CHQICE,ELIP2,NUM,S2TU,SIZE,STEPS) , i

REAL*8 DAY,ELIPZ.ELOSG.GLAI,H,HOUR,JD,MIN,MON.SZTU
REAL*8 SEC,SIZE,T(0:2005).VIS{0:2005).YEAR
INTEGER CHOICE,COUST,IS.iNTURN,KISD,XCM.OUT¢STATE,STEPS.VAR

OPE\(L\IT-...FILE-’GSPOSI DAT',STATUS='NEW’ )’
OPEX(UXIT=3 6,F1LE—’GSP036.D\T’ STATUS="NEW')
OPEN(UNIT=03,FILE="GSP0S3.DAT’ ,STATUS="NEW")
OPEﬁ(ENIT=34.FIL£=’GSPOS4.DAT'.STATUSﬂ’SEW’)
L e T P e i P R T s P e T PP P e T P T
In order to accurately determine the position vectors of the
, 8iven ground station, it is necessary to know the exact tiame
(Universal Time) the simulation is to start. The followinz
lines prompt the user to enter the year, month, day, hour, min-
ute, and second the simulaticn is to start. The Julian Date-
will be calculated from this information. *
t*ttttttttt‘ttlttttttttttttt#ttattttttt‘ttt#tttttt*ttttttttttttttt*tt
WRITE(‘ #)'In order to determine position vectors of the earth’
WRITE(*,*)'ground station(s), it is necessary to know the year,’
_ WRITE(*,*)'month, day, and time when you wish the simulation to '
o ~ WRITE(®,#*)’begin. The time of interest is Universal Time.’
= WRITE(®,%)’Please ente: the folloving information:’

W % ¥ B W 8
* % » # w
-

AT oa A - T

. i
-
. -
f ux
3 |
o
-
. i

, tt“‘.““““t‘t*l“‘ﬂ‘#“t“t‘#ttttttt"‘lt3lttt‘l*‘#tt"t‘ttt‘#t“
R YEAR ' *

actaootttcttttatttttttt‘tttatttstattcctatttttttttttttattttaatttttsttt
5 WRITE(%,%)’ . What is the year of intcrest, between 1900 and 2100?°
ﬁlITE(‘.IOO) ‘
!EAD(‘ * E!R'5’YEAR

'r,-._-. ww.ﬂn&. - - R N g - ’ : v Y s




GOTO 5
EXDIF
*t***********t***#****tx**ttt#************t#t*****t*****t*t**t*******
- % MONTH *
l EEREEE R AR R KRR R KRR KRR R R R R KRR LR EE KRR AT AR R RN KKK XK
10 WRITE(*,*)’ ‘What is the month of interest? Please enter the '’
WRITE(*,%*)’ number of the month between 1 and 12.°
WRITE(*,190) : '
READ(*,% ,ERR=10)MON
IF (MON.LT.1.0R.MON.GT.12) THEXN

WRITE(*,*)’ The month you entered was uot a valid response.
WRITE(*,%*)’ Please re-enter the value.’
GOTO 10
ENDIF
R EERE KRR R R R R R R ERE AR R R KRR R LR E RN R R R R KRR TR KRR XK RXKRRKKR
* DAY *

EEREEREERERREEE XA RARERRRRRRERRREEE XA RRKRKRRRRERRRERRRF KRR KRR RRKRRR R KKK
15 WRITE(*,*)' What is the day of intecrest? Please enter a value’
WRITE(*,%)’ between 1 and 31.’
WRITE(#*,190)
READ(*,*,ERR=15)DAY . '
IF (DAY.LT.1.0R.DAY.GT.31) THEN '
WRITE(*,%)’ The day you entered was not valid. Plecase’
WRITE(*,%)’ re-enter the value'
GOTO 15
ELSE IF (MON.EQ.Z.AND.DAY(GT.ZQ)'THEN
"~ WRITE!(*,*)’February does not have more than 29 days. Please’
WRITE(*,*)’reenter the month.’
GOTO 15
ELSE IF {DAY.EQ.31} THEN
IF {MON.EQ.1.OR.MOX.EQ.E.CR.MON.EQ. 9, CR.HON EQ. 11 THEN

WRITE{*,*)}' 7The month vou entered does not have more than 30°
WRITE(*,*}’ days. Please re-enter the month.’
GCTO 15
EXDIF
ENDIF -
**tt*******t*********t***x*t***t*t*x************x**t:t****:*t******t#
* HOUR . *

EXRKRKRRERRKEREEREERR R KRR KRBT RKREKRERRKRKRKRRRRKKRK KRR KRR KR RRERRRRRRK KRR

WRITE(*,*)’Next it is necessary to enter the’ time of interest.’
 WRITE({*,*)’This xill be done by hour, mvnute, and second. '’
WRITE(#*,*)’Please respond at the prompt.
WRITE({*,%)
20 WRITE(*,*)’ Wwhat is the hour you wish the simulation to bezin?’.
WRITE(*,*)’ The value must be between 1 and 23.°’
WRITE(*,190) .
READ(*,*,ERR=20 )HOUR
IF (HOUR.LT.0.OR.HOUR.GT.23} THEN ' '
WRITE(*,*)’ The hour you entered was not \alxd. 'Please '
WRITE(*,*)' re-enter the hour.’ :

GOTO 20

ENDIF ' :
****#*#**t******#*t*####tt#t*t******i**‘*t**#***************#********
* MINUTE . ' : *

**#*#**tt“**#t#‘*#tt*tt*t‘ttt**ttt*t“t#ttt**###t###***t*#*#***t***t

) 25 WRITE(*,*)’ .'At what minute in the hour do you wish to begin.

WRITE(*,%)’ 'Please enter a nusber between 1 and 59.°
© WRITE(*,190) .

‘READ(*,*,ERR=25 )MIN

IF {MIN. LT 0.0R.MIN.GT.59) THEN

- WRITE(*,*)’ The minute you entered was not a valid response. !

- WRITE(*,%)* Please re-enter the value.’
GOTO 25 L

et
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30 WRITE(*,*)’ At what second do you wish to begin. Please enter’
WRITE(*,%*)’ a number between 1 ard 359.°
WRITE(*,190) ’ .
READ(*,*,ERR=30)SEC
" IF (SEC LT.0.OR.SEC.GT.59) THEN
WRITE(*,%)’ The second vou entered was not & valid response.’
WRITE(*,*)’ Please re-enter the value.’
GOTO 30 o '
ENDIF

WRITE(25,150)MON, DAY, YEAR

WRITE(25,160)HOUR,MIN,SEC

WRITE(25,*)
****t**************#*********ttt***********t*****t**#**t***#******t*#
* The following line calls the subroutxne JULDATE where the Julian *
* Date is calculated. x
ERRRES AT AL AR R E AL R KA R AR AR R RRE I RS AR RS AR R

CALL JULDATE(DAY,HOUR,MIN,MON,SEC,YEAR,JD)
EREXEERREERRERRBRRRXERERRERFRRERRERRA KRR ERRERRA KRR RRRRRRRRERRRXERKRRRS

* The following DO loop call for the user to enter the east *
* longitude and the geodetic latitude. The ground station p051t10n *
¥ vectors are then determined in subroutine GRNDST. *

EERRKERKKEREERKERREXEERERKEEEEREXERRRX KKK KERXEXXKXAXRRXRER KR RERR KKK KK

DO 10 COUNT = 1,NUM ,
33 WRITE(*,*)’Please enter the east longltude value for the '’
WRITE(*,200)COUNT
WRITE(*,190)
READ(*,*,ERR=33)ELONG
IF (ELO\G LT.-3€0.0D0.0R.ELONG.GT. 360. ODO) THEY
WRITE(#,*) ' The valus of longitude entered was not valid.'
WRITE(*,*)’Ploase re-enter the value.’
GOTO 33 :
ENDIF
YRITE(25,220)COUNT
WRITE(25,230)ELOXNG :
"33 WRITE(*,*)'Please cnter the g odetic latitude for thc !
WRITE(*,200)COUXT
WRITE(*,*)’The value shoul” be between -90 and 90 degrees.'’
WRITE(%*,190)
READ(*,*,ERR= Sa)G

IF (GLAT.LT.(-90. 0DO}.OR.GLAT. GT {90.0D0}} THEN .
WRITE(*,*)'The geodetic latitude value you cntered was not’®
 WRITE(*,*)’ acceptable. Plecase re-enter the value.’ :
‘GOTO 35 ' C

ENDIF -

.WRITE(Za 240)GLAT

38 ¥R1TE(* %)’ Please enter the altxtude of the ground station °’
WRITE(*,*)’above sea level (in KM).® '
WRITE(*,IQO)
READ(*,*,ER3=38)H .
WRITE(25,250)H
: WRITE(25,%)
: *****tt#*#:t#*t*tt*ttttt#t:tattttttt:t:t:t*tt:t:ttt:**tttttttt:*ta*#t*z

* Xext, the subroutine GRNDST is call where the pos1txon vectors of *

* ground station are determined. : *

t#t*l*#****ﬁ**tl***##*tt#tt*##**‘*t#t*#tttt*t#t*t*##tt**#‘*ﬁ##‘*tt¥t*#*

CALL GHNDST(COUNT ELIP2,ELONG,GLAT,H,JD,S2TC STEPS)
30 CONTINVE \
CLOSE(UNIT=31) '

CLOSE(UNIT=32)

L+ U S P




. 4oy 2]
aue subruuiline Da1> 1S called 1R Oruer Lo getermine tne rise set %
* times between the satellites entered in this portion of the *
* program. *
e T e e
CHOICE = CHOICE - 1
CALL SATS(CHOICE,ELIP2,S2T¢,SIZE,STEPS)

- CHOICE = CHOICE + 1
T R
* The following opens the necessary files, then records the vis- *
* ibility data to send to the subroutine BLEND. *
FEERRKEEREFRRRRKRERRRRRLRRRRREE KRR RRERREREE KRR ELEERRRRKEREEKRR R KR

DO 70 OUT = 1,NUM
OPEN(UNIT=60,FILE="TRACKER.DAT',STATUS="UNKNCWX’ )
OPEN(UNIT=41,FILE='STAT1.DAT’ ,STATUS="EK’)
OPEN(UNIT=42,FILE="STAT2.DAT’,STATUS="NEV")
OPEN(UNIT=43,FILE="STAT3.DAT’,STATUS="NEW" )"
OPEN(UNIT=44,FILE="STATi.DAT’,STATUS="NEW’ )

VAR = 1

DO 60 IN = 1,CHOICE

IF (OU7.EQ.1.AND.IN.EQ.1} THEN :
OPEN(UNIT=31,FILE="GSPOS1.DAT’,STATUS="0LD")
OPEXN(UNIT=1,FILE="POS1.DAT’,STATUS="0LD’)

ELSE IF (OUT.EQ.1.AND.IN.EQ.2) THEN
'OPEN(UNIT=31,FILE=’GSPOSI.DAT’,STATUS='OLD’)
OPEN(UNIT=2,FILE='P0S2.DAT’,STATUS="JLD’ )

ELSE IF (OUT.EQ.1.AND.IN.EQ.3) THEN
OPEN(UNIT=31,FILE="GSPOS1.DAT’,STATUS='0OLD’ )}
CPEN{UNIT=3, FILE‘ POS3.DAT' ,STATUS='CLD’ )

ELSE {F (OLT.EQ.I.AND.IS.EQ.i) THEX
OPEX(UNIT=31,FILE="GSPOS1.DAT’,STATUS="0OLD’)
OPEN(UNIT=4,FILE="POS4.DAT’ ,STATUS='OLD")

ELSE IF (OUT.EQ.2.AND.IN.EQ.1) THEN .
OPEN(UNIT=32,FILE='GSPOS2.DAT’ ,STATUS="0LD"}
OPEN{UX1T=1,FILE='POS1.DAT®,STATUS="OLD’

ELSE IF (OtT. EQ._.%ND.IN.EQ.Z) THEX
OPEN({UNIT=32,FILE="GSPOS2.DAT’ ,STATUS='0OLD ")
"OPEN(UNIT=2 FILE"POSZ.DATf,STATUS:'OLD’)

ELSE IF (OUT. EQ...AND.IN.EQ.3) THEX ,
OPEN(UNIT=32,FILE="'GSPOS2.DAT’,STATUS="0LD"}
OPEN(UNIT=3, FILE"POSS DAT’,STATUS="OLD’)

ELSE IF (OUT.EQ.2.AND. IN.EQ.4) THEN ‘

© OPEN(UNIT=32,FILE=’GSPOS2.DAT’,STATUS="CLD’)
OPEN(UNIT:!,FILB=’POS4.DAT’,STATUS=’OLD')f

ELSE IF (OUT.EQ.3.AND.IN.EQ.1) THEX
OPEX(UNIT=33,FILE="GSPOS3.DAT’ ,STATUS="CLD’ )
'OPEN(UNIT=1,FILE='P0OS1.DAT’,STATUS='OLD’ )

ELSE IF (OUT.EQ.3.AND.IN.EQ.2) THEN
OPEN(UNIT=33,FILE="'GSPOS3.DAT’,STATUS="0LD’)
OPEN(UNIT=2,FILE="P0S2.DAT’ ,STATUS="0LD’)

ELSE IF (OUT.EQ.3.AND.IN.EQ.3) THEN .

‘ .- OPEN(UNIT=33,FILE="GSPOS3.DAT’ ,STATUS='OLD’}
OPEN(UNIT=3, FILE“’POS3 DAT’.STATUS"OLD’)

ELSE IF (OUT.EQ.3.AND.IN.EQ.4) THEN

' OPEN(UNIT=33,FILE="GSPOS3. DAT’,STATUS"OLD’)
OP!N(UWIT-é FILE-’P084 DAT’,STATLS"OLD’)

: ELSE IF (oLT. EQ 4 AND IN.EQ 1) THEN ~
OPEN(UNIT=34,FILE="'GSP0S4.DAT’,STATUS='0LD*) .

OPEN{UNIT=1,FILE="'POS1.DAT',STATUS='0LD’)
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ELSE IF (OUT.EQ.4.AND.IN.EQ.3) THEN
OPEN(UNIT=34,FILE=’GSPOS4.DAT’,STATL32"0LD" )
OPEN(UNIT=3,FILE="'P0S3.DAT’, STAT‘ "OLD )

~ » ELSE IF (OUT.EQ.1.AND.IN.EQ. 4) THEN
) OPEX(UN1T=34,FILE="GSPOS1. ,Af’,STATUS=’OLD )
OPEN(UNIT=4,FILE="P0OS4.24T’,STATUS="0OLD")
EXNDIF

CALL SATGRN(IN,OUT,SIZE,STEPS)
CLOSE(UNTT=0UT+30)
CLOSE{UNIT=IN)

OPEN(UNIT=40, FILE="GSVIS.DAT’ ,STATUS="0LD’ )
DO 50 INTURN = 1,STEPS+1

READ(40,*)T(INTURN), VIS(INTURN)

IF (IN.EQ.1) THEN
OPEN(UNIT=10,FILE="VIS1.DAT® ,STATUS="UNKNOWN ')
WRITE(10,*)T(INTURN), VIS (INTURN)
CLOSE(UNIT=10)

ELSE IF (IN.EQ.2) THEN
OPEN(UNIT=11,FILE="VIS2.DAT’ , STATUS="UNKNOWX ' )
WRITE(11,*)T(INTURN),VIS(INTURY)
CLOSE(UNIT=11)

ELSE IF (IN.EQ.3) THEN
OPEN(UNIT=12,FILE="VIS3.DAT® ,STATUS=UNKNOWN’ )
WRITE(12,*)T(INTURN), VIS( INTURN)
CLOSE(UNIT=12)

. ELSE IF (IN.EQ.4) THEX
OPEN(UNIT=13,FILE="VIS1.DAT’,STATUS="UNKNOWY’ )
WRITE(13,#%)T(INTURX), VIS (INTCRY)
CLOSE(UNIT=13)

| EXDIF
50 © CONTINUE

WRITE{25,%)
WRITE(25,260)O0UT, IX
CLOSE(UNIT = 40)
STATE = VAR+40 o
CALL BLEND(STATE,STEPS, T, V1S)

' CLOSE (UNIT=STATE)
VAR=VAR+1 |

60 CONTINUE
IF (CHOICE.EQ.2) THES
* WRITE(25,%) |
. WRITE(25,265)0LT
WRITE(23,285)
STATE = 41
CALL GSSCVC2(STATE)
ELSE IF (CHOICE.EQ.3) THEN
: WRITE(25,%)
WRITE( 25,270 )OUT y
WRITE(25,285)
. KIND = 0
) STATE = 41 -
. CALL CVC3(KIND,STATE)
- ELSE IF (CHOICE.EQ.4) THEN
‘- WRITE(25,%)
. WRITE{(25,280)0UT
| WRITE(25,285)  °
STATE = 41 1o - :
CALL . GBSCVCA (STATE) o -

. - - o = e ————— e . R - - - R
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70 CONTINUE
LN RETURN

150 FORMAT(’DATE FOR BEGINNING THE SIMULATION: *',12,'/',12, ’/’ 11)

160 FORMAT('TIME FOR BEGINNING THE SIWLLATIO\ YLI2,00,12,0,0,12)

190 FORMAT(2X,'====> ')

200 FORMAT(’ location of ground station #',I1,'.%)

220 FORMAT{'THE LOCATION OF GROUND STATION #',I1)

230 FORMAT(’EAST LONGITUDE: ‘,F12.6)

210 FORMAT(’GEODETIC LATITUDE: ’,F12.6)

250 FORMAT('ALTITUDE ABOVE THE EARTH ELLIPSOID: ,F12.6)

260 FORMAT('’ RISE AND SET TIMES BETWEEN GROUND STATION #’,I1,' AND
+ SATELLITE #’,11,:')

265 FORMAT(’COMMUNICATIONS STATUS BETWEEN GROUND STATION #',I1,” AND
+ THE TWO GIVEN SATELLITES:') .

270 FORMAT(’COMMUNICATIONS STATUS BETWEEN GROL\D STATION #7,1I1,’ AND
+ THE THREE GJVEN SATELLITES:’) C

280 FORMAT{’COMMUNICATIONS STATUS BETWEEN GROUND STATION #',11," AND

: + THE FOUR GIVEN SATELLITES:’)

285 FORMAT(’(NOTE: NO ENTRIES OR MESSAGE BELOW I\DICATES CONTINUOUS

+ COMMUNICATIONS.)')
END
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PURPOSE:  The pu:pose of this subrcutine is to determine the
visibility function betwcen a given satellite and a
given ground station.

VARIABLES:
INPUT:
IN - do loop counter representing the nuaber of sat's
oUT —~ do loop counter representing the number of ground
' stations

S1ZE - step size
STEPS - total number of steps

COUNT - do loop counter

PHI - angle between the position vector to the satellite
and the position vector to the ground station
" Rl - position vector to the ground station
R2 -~ position vector to the satellite

VIS -

value of the visibility function between satellite
and ground station

REFERENCES: Lawson, 32

Alfano, Negron, and Moore, 2
(2322232 222323222333 2232322333223 333332322323 333 33323323 2] tttt}t?tt*tt

SUBROUTINE SATGRN(IN,OUT.SIZE,STEPS)

®
*
*
*
*
x
x
2
x
*
*
*
%
* LOCAL:
*
®
3
*
]
*
%
x
*
%
%

REAL*8 PHI,R1(4),R2(4),SIZE,VIS

INTEGER COUNT,IN,OUT,STEPS
b33 22 222 2223342322222 33 2322323222223 322322333324 332 2343
*  GSVIS.DAT contains visibility data between the given satellite and #

"* ground station. This file will be overwritten each time SATGRN is *

* called. ‘ *
FEELXEXEREERRREF KRR RERRERR AR TR TR RRRRA XK R R AR BRI XN EARKERRRRIRKEF AR KRS
OPEN(UNIT=40,FILE="GSVIS.DAT’ ,STATUS="UNKNOWX')
DO 20 COUNT = 0,STEPS

READ(OUT+30,*)R1(1),R1(2),R1(3),R1(4)

READ(IN,*)R2(1),R2(2),R2(3),R2(1) ,
REEXEXERKREERRREERARERALXERKRREEREXRF RS REXNBRLKIXXKERLXRERTEF AR EARRAS
* The next lines define the visibility function between the satellitcs
* and the ground station. \ , *
* Reference: Lt Col Salvatore Alfano , , , oo
EREREREEREEERRXIXEKRRRXXRERRRERRRXRERERRRRRXRERXRARTEXBERARSXRIRXRRARRS

PHI = ({R1{1)*R2(1))+(R1(2)*R2(2))+(R1(3)*R2(3)))/(R1(1)*R2( 1))
IF (PHI.GT.(1.0D0)) THEN |
. PHI = 1.0D0
ELSE IF (PHI.LT.(-1.0D0)) THEN
. pHI = -llom
! ENDIF .
VIS = DACOS{(R1(4))/R2(4)) - DACOS(PHI)
WRITE(40,110)COUNT*SIZE,VIS
20 CONTINUE
CLOSE (UNIT=40)

RETURN

R S
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1107 FORMAT(110,5X,F12.3)

EXD
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x SUBROUTINE JULDATE ' i
3 *
*  DPURPOSE: The purpose of this subroutine is to convert convention-*
x al time to Julian Date. *
* *
*  VARIABLES: *
¥ INPUT: *
* DAY -1 to 31 *
* HR -0 to 23 *
* MIN - 0 to 39 *
¥ MON -1to 12 x
¥ SZC =0 to 59 : *
* YEAR - 1900 to 2100 . ' *
* OUTPLT: ' *
* JD - Julian Date x
% %
* Reference:. Valado, 1 ' ¥
EXEXIEERXRRERSERERR LR R R XL LR ERRAREERXXRRRRXRR LKL AL R EREXERRERXRLKLLS

SUBROUTINE JULDATE(DAY,HOUR,MIN,MON,SEC,YEAR,JD)

REAL*8 DAY,HOUR,MIN,MON,SEC,YEAR,JD

JD = 367.0D0*(YEAR)-DINT((7.0DO*{ YEAR+DINT( (ON+9,0D0)/12.0D0)))
+ /4.0D0)+DINT((275.0D0*MON)/9.0D0)+DAY+1721013.5D0+
+ (({(SEC/60.0D0)+MIX)/60,0D0)+HOUR)/24.0D0

RETURN
EXD




*‘********************_******************ﬁ

SUBROUTINE GRNDST

PURPOSE: The purpose of this subroutine is to determine the
geoceutric position of a ground station given Julian
Date, east longitude, and geodetic latitude.
VARIABLES:
INPUT: . ,
ELIP2 - square of the eccentricity of the earth
ELONG - east longitude of the station of interest
GLAT - geodetic longitude of the station of interest
H "« altitude of the station above the earth ellipsoid
JD - Julian Date
S2TU - converts SEC to TU
STEPS -~ number of steps -

LOCAL VARIABLES: o

COSLAT -~ cosine of the geodetic latitude

DEGRAD - conversion from degrees to radians '
denorinator of the equatxon to determine Gl and G2

DENOM -

DT .= change in time

GLAT - -~ geodetic latitude of the vround station
GSR(1-4) - position vectors of the ground station

KM2DU - conversion from km to DU

REP - counter for do loop

SINLAT - sine of the geodetic latitude

TGO - Greenwich Sidereal Time at 0 hr Universal Time

THETA - observers local sidereal time

THETDOT - time rate of change of the local sidereal time
based on the rotation of the earth (rad/TU)

THETG - sidereal time of the Greenwich Meridian

TU - time measured in centuries

TWOPI = - two times pi

b O - variable for the determination of staticn positicn

' vector

Reference: Valado, 2-4

Bates, Mueller, and White, 98 103
Escobal, 20-21

Alfano, Negron, and Moore, 6
*****************4*#***************************************************

SUBROUTINE GRNDST(COUNT,ELIP2,ELONG,GLAT,H,JD,S2TU,STEPS)

*************_***ﬂ-******.*'***************H

REAL*8 COSLAT,DEGRAD,DENOM,DT,ELIF2,ELONG,GLAT

REAL*8 GSR(4),H,;JD,KM2DU,S2TU,SINLAT, TGO

REAL*8 THETA, THETDOT,THETG,TU, TkOPI X

INTEGER COUNT,REP,STEPS
**************tt**t:**:t*tt:*t::*#:*:***t*t*t**********x***t#*tx**t:*tt

* - CONSTANTS %
**********************##****8****************************#****t*t******

TWOPI = 2.0D0*DACOS(-1.0D0)

'DEGRAD' .= TWOPI/360.0D0

EM2DU = (1.0D0/6378.137D0)

ELONG = ELONG*DEGRAD

GLAT ' = GLAT*DEGRAD

H = H¥RMEDU

THETDOT = .058833390688786D0 '
*t:t:::t*:t**tttat:tat:s:t:*:tt:t:t:ttt:t::t#at:tttt:tt:t:t*:stattttttt

* The followxng lines calculate the Greenwich Sidereal Time and o

*  to be used in the determination of the Local Sidereal Time. - s
. *****#tt*#****ttt#t*t*ttt*a**tttttttt*tttttt#tttttttt##ttttttatttlttttt

TSI S
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hy ¥ = (DINT(JD) + .5D0 - 2151545.000)/36525.0D0 ‘ :

160 = 1,753368559D0+628,3319705D0¢TL+ =

+ .0C0006770708127D0% (TU**2. ODO)#(G 30038809866571)* i
~ + DBLE(JD-DINT(JD)-.35D0) , ;

TGO = DMOD( TGO, TWOPI ) :

IF (TGO.LT.{0.0D0)) THEN ' ;
TGO = TWOPI+TGO ‘ L

“NDIF - :

bENOM = DSQRT(l.ODO-(ELIP2*(SINLAT**2.0Dd))) |

¢ = ((1.0D0O/DENOM)+H)$COSLAT ' i
GSR(3) = (((1. ooo-mpz)/nr:\oqnm*snurt(1 0D0/ , b
+ ' DSQRT{1.0DO-ELIP2)) | :
GSR{4) = DSQRT((X¥*2.0D0)+(GSR(3)**2.0D0)) 2
160 = 0.0D0 5
EXEEEEARSREREERAT BRI EALRLBTLRLEREEERRERREATEELAEEATREREEARERXRRARREARRR f
2  The following lines calculate the x and z variables for the * : }
% position of the ground station. These variables are then used *
%  to calculate the position vector in the 1JK or geocentric coor- * j
¥ dinate systenm. *

ARIRREERRLEREASEERLARTATEREERTAREARARRERERRXEARESRERRERXARERERRERRERAS
DO 50 REP = 0,STEPS

DT = REP*S2TU

THETG = TGO + THETDOT*DT ' : : i
THETA = THETG + ELONG ' ‘
GSR(1) = X*DCOS(THETA)

GSR(2) = X*DSIN{THETA)

R ey

KRITE(COCST#QO.100)GSR(1).CSR(Z),GSR(S).GSR(4)

50 CONTINUE
RETLRX

R I

160 FORMAT(F12.35,5%,F12.3,5X,F12.5,53X,F12.5) | :
E.\.D ' ' ' . ‘ g

C el 4w e




SUEROUTINE SATS

PURPOSE:
VARIABLES:
ORBITAL ELEMENTS:
ARGP .= argument of periapsis for @ orbxt {DEG)
AXIS - semi-major axis for @ orbit (KM)
ECC - eccentricity for @ orbit. S
INC - inclination for @ orbit: g o (DEG)
MA - mean anomoly for @ orbit {DEG)
NODE - longitude of the ascending node for Q orbit (DEG);
OTHER VARIABLES:
ARM - value of the semi-major axis in hM _
CHOICE - reflects the users choice for operation

COUNT - DO loop counter
D2RAD ~ converts DEG to RAD

POV S RO S N R R I SR AR B O BENE BE BE N AR AR N R SR % J

DUZRM . - converts DUs to KM

ELIP2 -~ square of the eccentricity of the earth _

RIND -~ differentiates between a ground station and three
: satellites (0) and three satellites (1) v

N - mean motion of the satellites {DU/TU)

S2TU - converts SEC to TU '

SIZE = - step size (SEC)

STATE ‘- file number -

STEPS - number of steps

T - chronological time over t1me span

TWOPI - twice the value of pi

V18 - value of the visibility function

FYANVEVEVEN S I I I I I . IE IR R N NECNE BE K AE NE SR L B 2R _BE SR

*********************t**********************t*t***********************
SUBROUTINE SATS(CHOICE,ELIP2,S2TU,SIZE,STEPS)

REAL*8 AKM,ARGP,AXIS,DZRAD,DUZKM,ECC,ELIPZ,INC,MA,NODE
REAL*8 S2TV,SIZE,T(0:500),TWOPI,VIS{0:500),X :
INTEGER CHOICE,COUNT,KIND,STATE,STEPS

OPEN(UXNIT=1,FILE="POS1.DAT’,STATUS="NEW’)

OPEN(UNIT=2,FILE='P0S2.DAT’,STATUS="NEW’) .

OPEN(UNIT=3,FILE='POS3.DAT’,STATUS="NEW')

OPEN(UNIT=4,FILE="POS4.DAT’ ,STATUS="NEW')

OPE\(LNIT‘GO FILE="TRACKER.DAT®,STATUS="XEN®)
EXRRAIEEREEERTEREERRRAREELERRARL LR AR RERRRERLXERRRELERRERRRRARRRER

* ' CONSTANTS *
EEFRXKEXXEXXRETXRERARERERRBELEERXRLEXERRXRKREXRRRRERFEXRRAKERKRRRERK LA

. TWOPI = 2.0D0*DACOS(-1.0D0)

D2RAD = (TWOPI/360.0D0)

DU2RM = 6378.137D0 -
T oy T T T T o B L T e o
* The following prompts the user to enter the values of the | ¢

- % orbital elements for the satellites of interest. *

.. -
o

run s - g

AEAREAXESAREES RS EAASS I AR AR A AR AR LR LR R AR AR AR R A
DO 20 COU“T 1, CHOICE+1
ECC = 0.0D0
AXIS = 0.0DO
- INC = 0.0D0
MA = 0.0D0
NODE = 0.000
- ARGP = 0.0D0 - : IR
N =00D0 = h

© e e

__WRITE(25,510)COUNT




. WRITE(25,520)ECC ,
12 ~ WRITE(*,*)’Mean Motion (rev/day) ==> '’
READ(*,%,ERR=12)N
N = Nx,05867301522d0
AXIS = (1.0DO/(N**2,0D0))*#*(,333333D0)
ARM = AXIS*DU2RM
. WRITE(25,530)ARM
13 -~ WRITE(*,*)’Inclination ==> '
READ(*,*,ERR=13)INC
WRITE(25,540)INC
14 'WRITE(*.*)’Mean Anomoly (DEG) =
: - READ(*,*,ERR=14)MA
WRITE(Za,SaO)MA
15 WRITE(*,*)’Longitude of the Ascendxng Node (DEG) =
READ(#*,*,ERR=15 )NODE
. _HRITE(25,360)NODE
16 WRITE(*,%*)'Argument of Periapsis (DEG) =
READ(*,*,ERR=16 ) ARGP
WRITE{25,570)ARGP .
WRITE(25,%)
WRITE(*,*) ‘
WRITE(*,*)’'Please stand-by. Calculations are in progress.’
WRITE(#*,*)
EEEEEEEEETRERAR LI LT RRRRERRREEEREERRERRERRARREREERRLERERERERRRRRRA
. * The following converts the values entered from KM to DU or from *

~ * DEG to RaD. *
' ***t******t*tt#*********t*********t***t***************#*****#***#*t**
INC = INC*D2RAD
My = MA¥D2RAD
NODE = NODE*D2RAD
ARGP = ARGP*D2RAD

CALL POS(COUNT,ELIP2,S2TU,STEPS,AXIS,ECC, INC,N,NODE,ARGP,MA)
CLOSE{UNIT = COUNT) '

20 CONTINUE

IF (CHOICE.EQ.O) THEN

GOTO 4100
ENDIF
*#*********t#tt##****t**#t*************t*******t*******tt***#t**t**#*
* In the following if loop, the computer calls the subroutine x
* pecessary to check all options of visibility depending on the *
* number of satellites in consideration. x
EREREETEERREERRARRAREEEERRRRRRAKERERRAELE XL RR KRR ERX KK XKRRRE KRR R XXXEK
* - 2 SATELLITES . .

T Y r ey T Tty
WRITE(*,*)’The'conputer is in the process of determining : ise’
WRITE(*,*)’and set times. Please stand by.'.

IF (CHOICE.EQ.1) THEN ‘
CALL TWOVIS(STEPS SIZE) <
OPEN(UNIT=10, FILE"VISI DAT?,STATUS=’0LD’)
DO 30 COUNT = 1,STEPS+1

READ(10, *)T(COUNT) VIS{COUNT)
30 CONTINUE

CLOSE(UNIT=10)
WRITE(25,%)

-+ WRITE(25,600)

 STATE = 41
OPEN(UNIT=41, FILE="STAT1. DAT'.STATUS:’NEh )

o e s ————— e = b o

.;9§L§.3L§§918TATE STEPS,T,VIS)

B TN . . . s .
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ELSE IF {CHOICE.EQ.2) THEN

10

CALL THRVIS(STEPS,SIZE)
OPEN(UNIT=10,FILE="VIS1.DAT’,STATUS="OLD"}
DO 10 COUNT = 1,STEPS+1

- READ(10,#*)T{COUNT),VIS(COUNT)

CONTINUE

. CLOSE(UNIT=10)

WRITE(25,%)
WRITE(25,600)

© STATE = 41

OPEN(UNIT=41,FILE="STAT1.DAT’,STATUS="NEW')
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE{UNIT=41)

' OPEN(UNIT=11,FILE='VIS2.DAT’,STATUS='0OLD’)
DO 50 COUNT = 1,STEPS+1

READ{11,#*)T(COUNT),VIS(COUNT)
CONTINUE
CLOSE(UNIT=11)
WRITE(23,*)
WRITE(25,630)

STATE=42
OPEN(UNIT=42,FILE="STAT2.DAT’ ,STATUS="NEV’)
CALL BLEND(STATE,STEPS,T,VIS)

. CLOSE(UNIT=42)

OPEN(UNIT=12,FILE="VIS3.DAT',STAIUS="CLD’)

60

DC 60 COUNT = 1,STEPS+1
READ(12,%)T(COUNT),VIS{COUNT)

CONTINUE |

CLOSE(UNIT=12)

WRITE(25,%)

WRITE(25,620)

STATE=43

OPEN(UNIT=43,FILE="STAT3.DAT’ ,STATUS="NEW")
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE(UNIT=43)

CLOSE{(UNIT=60)

KIND = 1 .

 STATE=41

WRITE(25,%)

~ WRITE(25,660)

**#*#*#*t*#***t#**t#ttt*t“*t*tlttt*t*#ﬁ#t**t*****#tt*l*‘#***t**#**tt -
) ‘ .

x

WRITE(25,663)
CALL CVC3(hIND STATE)

4 SATELLITES

t**:a:t*ttatttttt*t:t:t:stctttt::tttttttt:ttt::ttt:tat*st*::*ttt*:a*t
ELSE IF (CHOICE.EQ.3) THEN

70

CALL FOURVIS(STEPS,SIZE).

OPEN(UNIT=10,FILE=’VIS1.DAT® ,STATUS=0LD" )

DO 70 COUNT = -1,STEPS+1
READ(10,*)T(COUNT), vxs<coux1) -

CONTINUE

CLOSE(UNIT=10)

SMTE21

WRITE(25,600)

T T e L

i R I o e . o St v,




- 9%

100

110

120

OPEN(UNIT=11,FILE="VIS2.DAT’,STATUS="0LD’)

DO 80 COUNT = 1,STEPS+1
READ(11,*)T(COUNT),VIS{COUNT)

CONTINUE

CLOSE(UNIT=11)

WRITE(25,%)

WRITE{25,610)

STATE=42
OPEN(UNIT=42,FILE="STAT2.DAT’,STATUS="NEW')
CALL BLEND{STATE,STEPS,T,VIS)
CLOSE(UNIT=12)

OPEN(UNIT=12,FILE="VIS3.DAT’,STATUS="0LD’)

DO 90 COUNT = 1,STEPS+1

READ(12, *)T(COUVT) VIS(COUNT)
CONTINUE
CLOSE(UNIT=12)
WRITE(25,%)
WRITE(25,620)

STATE=43

OPEN(UNIT=43,FILE="STAT3.DAT’ ,STATUS="'XEW’)
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE{UNIT=43)

OPEN(UNIT=13,FILE="VIS4.DAT’ ,STATUS="OLD’)

DO 100 COUNT = 1,STEPS+1
READ(13,*)T(COUNT},VIS(COUNT)

CONTINUE

CLOSE(UNIT=13)

WRITE(25,%)

WRITE(25,630)

STATE=44
OPEN(UNIT=44,FILE="STAT4.DAT’,STATUS="NEW")
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE{UNIT=44)

OPEN(UNIT=14,FILE="VIS5.DAT’,STATUS='0LD’)
DO 110 COUNT = 1,STEPS+1
READ(14,*)T(COUNT),VIS(COUNT)

' CONTINUE

CLOGSE(UNIT=14)
WRITE(25,%)

: HRITE(25,640)

STATE=43

- OPEN(UNIT=45, FILE"STATa DAT’ ,STATUS='NEW')

CALL BLEND(STATE,STEPS,T,VIS)

CLOSE(UNIT=45)

" OPEN(UNIT=15,FILE="VIS6, DAT',STATUS"OLD )

DO 120 COUNT = 1,STEPS+1
READ(135, ‘)T(COUNT) VIS(COUNT)

CONTINUE

CLOSE(UNIT=15)

WRITE(25,%)

WRITE(25,650)

STATE=46

0PEN(UNIT'46 FILE-’STATG DAT’.STATUS"NEﬁ ) '

. Ly y ) : : it N
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STATE=41
WRITE(25,%)
WRITE(25,670)
WRITE(25,665)
CALL CVC4(STATE)

ENDIF

CLOSE(UNIT=60,STATUS="DELETE’)

- 400 CONTINUE
RETURN

500 FORMAT(' elements of satellite #',I1,’:’)
510 ' FORMAT(’INITIAL ORBITAL ELEMENTS OF SATELLITE £’,I1,':’)
520 FORMAT{3X, 'Eccentricity s ',F12.10)
530 FORMAT(3X,'Seai-major Axis : ’',F15.8,’ RM')
540 FORMAT(3X,'Inclination + ',F15.8,' DEG')
550 FORMAT{3X,'Mean Anomoly + ',F15.8,' DEG’)
560 FORMAT(3X,’Longitude of the Ascending Node : *,F15.8,° DEG’)
570 FORMAT(3X,’Argument of Periapsis . ',F15.8,' DEG')
600 FORMAT(’Rise/Set Times between Satellite #1 and Satellite z2:')
610 FORMAT(’'Rise/Set Times between Satellite #1 and Satellite £3:')
620 FORMAT('Rise/Set Times between Satellite #1 and Satellite =4:') ;
630 FORMAT('Rise/Set Times between Satellite #2 and Satellite £3:') |
640 FORMAT(’Rise/Set Times between Satellite 72 and Satellite s54i:’)
650 FORMAT('Rise/Set Times between Satellite #3 and Satellite =4:")
660 FORMAT{ 'COMMUNICATIONS STATUS BEIWEEN SATELLITE =1, =2, AND £3:°)
€65 FORMAT(’(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS
+ COMMUNICATIONS.)') ,
670 FORMAT('COMMUNICATIONS STATUS BETWEEN SATELLITE 21, =52, =3, AND
+ £4:7) ‘ '
" END
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*“**ﬁ*“*****&**.*****4********’!'*N‘**************"*******G*'*****ﬂ

SUBROUTINE PUS

PURPOSE: The purpose of this subroutine is to deteraine the
position of a satellite given the classical orbital

elements.
VARIABLES:

JIFPUT: '
ARGP -~ argument of periapsis for @ orbit (RAD)
AXIS - semi-major axis for @ orbit {DU)
, COUNT - DO loop counter; indicates the satelllte number
ECC - eccentricity for @ orbit
ELIP2 - square of the eccentricity of the earth
INC ~ inclination for @ orbit - {RAD)
MA - mean anomoly for @ orbit {RAD)
NODE - longitude of the ascending node for @ orbit (RAD)
S2TU - time step (TV)
STEPS - number of steps in the requested interval

LOCAL VARIABLES:
COSARGP - cosine of the argument of periapsis
COSFINALE - final) value of the cosine of the eccentric anomoly

COSINC - cosine of the inclination

COSNODE -~ cosine of the longitude of the ascendlng node

COSNU - cosine of the true anomoly

DENOM - variable for the denominator of a given quotient

DIF - difference between two value of the eccentric
anomoly during Newton-Rhapson Itteration

ECOSFE -~ eccentricity multiplied by the cosine of the

finale value of the eccentric anomoly
EN - first value of the eccentric . anomoly for use in
the Newton-Rhapson Itteration

v***************************&*ﬂ***.*ﬁ

* ENPLUSONE - second value of the eccentric anomoly as
calculated in the Newton-Rhapson Itteration
FINALE - final value of the eccentric anomoly reached by
convergence of the Newton-Rhapson Itteration
J2 -
I - value of the mean anomoly at each time step
MY - value of the mean anomoly calculated using a

given value for the eccentric anomoly (used in the
Newton-Rhapson Itteration)

MULT - matrix used to rotate the position vectors from
the perifocal reference frale to the geocontrzc
reference frame

N - mean motion of the satellite

NANOM - anomolistic mean motion

NEWARGP -~ propogated argument of periapsis

 NEWNODE - propogated longitude of the ascending node

P ' - calculated value of the semi-latus rectum for the
orbit

R . - calculated position vectors of the satellite

REP - DO loop counter

RPQW -~ position vectors of the satellite 1n the perlfocal
frame

SINARGP - sine of the argu-ent of periapsxs

SINFINE - sine of the final value of the eccentric anonols
-SININC - sine of the inclination of the orbit

_SINNODE - sine of the longitude of the ascendxng node
SINNU sine of the true anomoly

TWOPI - constant; two lultiplied by pi

»&u-nnl»*»****'&**n**.******

' REFERENCES: Bates, Iueller, and Vhite, 187, 219-222

' t***#***##t*#*t##*t#**utt***tt**t”*t‘lt!*tt#*#“‘“##tttt"#!ttt!t**

SUBROUTINE POS(COUNT,ELIP2,S2TU,STEPS,AXIS,ECC, INC,N,NODE, ARGP.MA)
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REAL*8 NODEDOT,NODE,NU,P,R(4),RPQW(4),S2TU,SINARGP
REAL*8 SINFINE,SININC,SINNODE,SINNU,TWOPI
INTEGER COUNT,REP,STEPS
\ *****************************************************************‘***

* The following computes values of variables which will be used *
‘% gultiple times within the program. This is done to decrease the *
* amount of calculation necessary within the subroutine. : *
EREEEREEE R E R KRR R IR EE RN R R LR R R KRR KRR KR E X KR ERERKR T XX XK

COSINC = DCOS(INC) :

SININC = DSIN(INC)

J2 - = .00108262D0

TWOPI = 2.0D0*DACOS(-1.0D0)

P = AXIS*(1.0D0.- (ECC**2.0D0))

N = N*S2TU

EEEEXRRXELEERXRE AR ERXKEXERLRRRRREKRETRRRKERRREERRRRLRERXERRTRELLRRRS
* The following calculates the values necessary to propogate the *
* satellite forward in its orbit. *
*************#********t***t***#**t*#t***************#****************

NANOM N¥(1.0D0+((1.5D0*J2*(DSQRT(1.0D0-(ECC*%2,0D0})}/

+ (P**2,0D0) )*(1.0D0-(1.5D0*(SININC**2,0D0)))))

NODEDOT = -(1.5D0%(J2/P**2.0D0)*COSINC)*NANOM

ARGPDOT = (1.5D0*(J2/P**x2,0D0)*(2. 0D0-(2.3D0*

+ {SININC*%*2,0D0) ) ) )*NANOM :

1]

"

DO 50 REP = 0, STEPS

NEWNODE = DMOD( {NODE + (\ODEDOT)*REP) THOPI ) ' 4
. NEWARGP = DMOD({ARGP + (ARGPDOT)*REP),TWOPI) i ' :
' COSNODE = DCOS(NEWNODE)

SINNODE = DSIN(NEWNODE)

COSARGP = DCOS(NEWARGP)

SINARGP = DSIN(NEWKARGP)

L T Y Y Ty T E e P T TP S T
* The following 3x3 matrix is used to transform the position vector¥

* from the PQW (perifocal) frame to the IJK (geocentric) frame. *
EEEERREEREREEERREERERE R EKRERXRAREREERELRRRELEEEERRRRRRRKRERR KRR

MULT(1,1) = COSNODE*COSARGP - SINNODEX*SINARGP*COSINC
MULT(1,2) = -COSNODE*SINARGP ~ SINNODE*COSARGP*COSIXC
MULT(1,3) = SINNODE*SININC

MULT(2,1) = SINNODE*COSARGP + COSNODE*SINARGP*COSINC
MULT(2,2) = -SINNODF*SINARGP + COS\ODE*COS\RGP*COSI\C
MULT(2,3) = -COSNODE*SININC

MULT(3,1) = SINARGP*SININC

MULT(3,2) = COSARGP*SININC

MULT(3,3) = COSINC

********#*******t**‘*#******#******#***#******************************

* ‘In the next loop, the Newton-Rhapson iteration is carried out in - *

* order to determine the value of the eccentric anomoly at every L

* time step in the orbit of the satellite. ¥

*******t**#t***t*#t:!**#**#*##*t***t*t*t*******************t******t***
M= DMOD((MA + (NANOM*REP)), ThOPI)

: EN =
10 MX = EN - ECC*{DSIN(EN))
ENPLUSONE = (EN + ((M - MN)/(1. ODO - (VCC*(DCOS(E\))))))
) . DIF = DABS(E\ ~ ENPLUSONE) .

1P (DIF.GT.(.000001D9)) THEN

- EN = ENPLUSONE
GOTO 10- -
ELSE.

FINALE ENPLLSONE

' . F S
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| ECOSFE = ECC*COSFINE
| DENOM = AXIS*(1.0D0 - (ECC*COSFINE))
\
| - COSNU = (ECC - COSFINE)/(ECOSFE - 1.0D0)
| . SINNU = {(AXIS*(DSQRT(1.0D0 - ECC**2,0D0)))*SINFINE)/DENOM
‘ - NU = DATANZ(SINNU,COSNU)
~ COSXU = DCOS(XNU)
~ SINNU = DSIN(NU)
EEERERRRREERRRRERREEFEREE LR R ER R R R KRR R KRR R R R TR ER R R R LR LR AR ELELR LA KA
* In the next three lines, the position vector in the perifocal *
* coordinate system is calculated. %

KEEEEEEREXERREAXEREEERREXRERXREREXRXEKR KX R RX XXX AR R R XREERRER KL RRRKEX

RPQW(1) = {P*COSNG)/(1.0D0 + (ECC*COSNU))

RPQW(2) = (P*SINNU)/(1.0D0 + (ECC*COSNU))

RPQW(3) = 0.0D0
e PP o T eI I PP TR RS LRI TSR R TI TR 23R 322222222222 22 234
* The next lines transform the RPQW vector to the geocentric *
* cocrdinate frame. *

ERERKKERERERERKREREEXXREEREREEXRXLRRRXRRRX R KRR RRXEKRXRKEERERRRER KRR KKK

R(1) = RPQW(1)*MULT(1,1) + RPQW(2)*MULT(1,2)
R(2) = RPQW(1)*MULT(2,1) + RPQ¥(2)*MULT(2,2)
R(3) = (RPQW({1)$MULT(3,1) + RPQW(2)*MULT(3,2))*(1.0D0/DSQRT{1.0D0

+ - ELIP2))
R(4) = DSQRT(!R(1)#*2.0D0) + (R(2)**2.0D0) + (R(3)**2.0D0))

WRITE(COUNT,100)R(1),R(2),R{3),R(4)

- 30 CONTINUE
RETURN

100 FORMAT(F12.5,3X,F12.5,5X,F12,5,5Y,F12.5)

END

, N . P Lt et A B PN . TR
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SUBRUUTLINE TRUYVLS

PURPOSE: This subroutine examines the visibility opportunltxes
' between two satellites.

VARIABLES:

INPUT:
STEPS - number of steps in the requested interval
SIZE - step size (SEC)

LOCAL VARIABLES:
COUNT - DO loop counter
FILNUM file number
PHI - angle between position vectors R1 and R2

R1 - position vector to satellite #1
R2 - position vector to satellite 32
Vis - visibility function between satellites #1 and #2

REFERENCES: Larscr_ 32
Alfano, Negron, and Moore, 2

(These references apply to THRVIS and FOURVIS also)
FRERERRKEKEEKEREKRRRE R REEREXRKRKEREE KRR R L RERKRRRKRE KRR ERERERXKKKKR

SUBROUTINE TWOVIS(STEPS,SIZE)

PPV P VI I R I IR AR R N A |
PPV VSR A IR IR IR 2RO AR B BR AR

INTEGER COUNT,STE™S
REAL*8 PHI,R1(4),R2(4),51ZE,VIS

OPEN{UNIT=1,FILE="P0OS1.DAT’,STATUS="0LD’)
OPEN(UNIT=2,FILE="P0OS2.DAT’,STATUS="OLD’)
T T T T e g
# VIS.DAT CONTAINS VISIBILITY DATA BETWEEN SATELLITES ONE AND TWO
I s T e T e e e L

OPEN(UNIT=10,FILE="VIS1.DAT’,STATUS="NE¥’)

DO 20 COUNT = 0,STEPS -
READ(1,#*)R1(1),R1(2),R1(3),R1(1)"
READ(2,#*)R2(1),R2(2),R2(3),R2(1) :

FEXEXREXRFERERXRFRXFERRXRRKERELRRTRRRRRERRRERRRRRRRKXRKRRKERKKIRKERR KK

The next lines define the visibility function. According to this
satellite to satellite visibility is not possible. The visibility

satellites are above or below the tangent plane. -In this instance
only two satellites are involved.
*******#**************#**t*t**t##ttttt***#***************t*****#t*#***
* ‘ ' Satellites #1 and =2 ° o ,
FEFFRERERERRRFEREREEXRELRKEKA TR RERERXERE XK TERXRRERREXXERERERRERR XK KT KK

PHI = ((R1(1)*R2(1))+(R1{2)*R2(2))+(R1(3)*R2(3)))/(R1(4)*R2(4))

******

IF (PHI.GT.(1.0D0)) THEN

PHI = 1.0D0
ELSE IF (PHI.LT.(-1,0D0)) THEN
PHI = -1.0D0

ENDIF

VIS = (DACOS(1. ODO/RI(%)))+(DACOS(1 ODO/R2(4))) (D%COS(PHI))
WRITE(10, 110)COU¥T’SIZE VIS

20 CONTINUE

CLOSE(UNIT=1)
CLOSE(UNIT=2) '

CLOSE{UNIT=10)

*
*

idea, consider a plane tangent to the earth as the line below which*

*

function calculated here compares angles to determine whether the *

*
*
*

%

*

——
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110 FORMAT(110,5X,F12.5)
" END |




SUBKULTINE THRAILD

[PV R BN R N B N

****:*****************:*******:*****t:*x*t**********~4:***********:***
SLBROLTI\E THRVIS(STEPS,SIZE) '

INTEGER COL\T STEPS
REAL*S PHI,R1(4),R2(4),R3(4),SIZE,VIS

OPEN(UNIT=1,FILE=’ POSl.DAT',STATUS=’OLD )

OPEN(UNIT=2,FILE="P0OS2.DAT’,STATUS="OLD’)

OPEN(UNIT=3,FILE="'P0S3.DAT’,STATUS="0LD’) .
FREEERRRREERERRRRRREEEXXREERRREKXLREFXLERRRRRIRRRKRERRFRERRRRRRERKRER |

* The following table lists filenames and their content ‘ *
® UNIT = 10; VIS1.DAT - visibility between 1 and 2 *
* UNIT = 11 VIS2.DAT - visibility between 1 and 3 *
® UNIT = 12; VIS3.DAT - visibility between 2 and 3 *

*****x***x****x***:*:*xt*********x*******t*********************:*****
OPEN(UNIT=10,FILE="VIS1,DAT’,STATUS="NEW')
OPEN(UNIT=11,FILE="VIS2,DAT’,STATUS="XEW")
OPEX(EXIT=12,FILE=’VIS3~DAT',STATUS=’XEW')

DO 20 COUNT = 0,STEPS
_READ(1,*)R1(1),R1(2),R1(3),R1(4)
'READ{2,*)R2(1),R2(2),R2(3),R2( 1)
READ(3,*)R3(1),R3(2),R3{3),R3(4)
xx::**x*z:t*:*x************xx**x**:***********z*:****x**************:**

* The following lines calculate the visibility function as explained x

= "in the subroutine TWOVIS. ' Since three satellites are involved in "%
* this case, visibility checks must he made between satellites 1 and *
* 2. 2and 3, and 1 and 3. : S
tz***#***t*#*t*******t*****ttt***#**t**tt*************#****************

LI Satellltes 51 and #2 . %
x*******t*************a:********tz***t**ttt**********#*****************'

PHI = ((Pl(l)*RZ(l))+(R1(2)*R2(’))+(R1(3)*R2(8)))/(Q1(4)*R2(4))

IF (PHI.GT. (1 0D0)) THEX:
PHI = 1.0D0 '
ELSE IF (PHI.LT.{-1,0D0)) THEN
I "-' -ltODO .
ENDIF

- VIS = (DACOS(1.0D0/R1(4))) + (DACOS(1. ODO/R2(4))) - (DACOS(PHI))
WRITE(10,110)COUNT*SIZE,VIS
tttttttttt###tttt#tttttt*tt#*ttttttttttttt!tt*ttttt**t#t*ttttt*ttt*ttt*

* .. Satellites #1 and #3 : *
tttttlttttttttttttttt‘tttttttttt#ttttt!tt*tttttt*tt*t*tt#tt#*t*tt*t**t#

PHI = ((81(1)*83(1))+(Rl(2)‘R3(2))*(RI(S)‘R3(3)))/(R1(4)*R3!4))

o 1

*
.
PURPOSE: This subroutine examines the visibility opportunltxes_ *
between three satellites. L
x
VARIABLES: ¥
INPUT: - : x
STEPS - number of steps in the requested 1nter\al *
SIZE - step size (SEC) *
3
LOCAL VARIABLES: *
COUNT - DO loop counter ‘ X,
PHI - angle between position vectors to two satellxtes *
R1 - position vector to satellite #1 *
R2 - position vector to satellite #2 ¥
R3 - position vector to satellite #3 x
VIS - visibility function between two satellxtes *




ELSE IF (PHI.LT.(-1.0D0)) THEN
PHI = -1.0D0
ENDIF

VIS = (DACOS(1.CDO/R1{1))) + (D\COS(I ODO/R3(1)}) -~ (DACOS(PHI))
WRITE!11,110)COUNT*SIZE,VIS

t’33tttttt##tttt‘ttttttt#ttt88833’8#‘3*?‘333!tttttttttttttttttttttt!ttt

*

Satellites #2 and #3 *

*ttt*tt*#ttttttt*ttt‘t#tt383#33‘3t‘tt#ttt#ttttt#tttttttttttttttttt#*tt#

PHI = ((R2(1)*R3(1))+(R2(2)*R3(2))+(R2(3)*R3(3}))/(R2(1)*R3(1))
IF (PHI.GT.{1.9D0)) THEN

PHI = 1.0D0

ELSE IF (PHI.LT.(-1.0D0)) THEN
PHI = -1.0D0

ENDIF

VIS = (DACOS(1.0DO/R2(4)))+(DACOS(1. 0DO/R3(4)))- (D&COS(PHI))
WRITE(12,110)COUNT*SIZE,VIS

CONTINUE
CLOSE(UNIT = 1)
CLOSE(UNIT = 2)
CLOSE(UXNIT = 3)
CLOSE(UNIT = 10)
CLOSE(UNIT = 11)
CLOSE(UNIT = 12)
RETURX
FORMATII10,3X,F12.3

"END

R ey o
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SUBROUTINE FOURVIS

PURPOSE: This subroutine examines the ‘151b111t\ oppor
between four satellites.

*

3

b 3

* VARIABLES:

*  IXPUT:

x STEPS - number of steps in the requested interval
® SIZE - step size (SEC)

*

*  LOCAL VARIABLES:

* COUNT - DO loop counter

* PHI - angle between position vectors to two sat
¥ R1 - position vector to satellite sl

* R2 - position vector to satellite #2

*  R3 ~ position vector to satellite #3

% R4 . = position vector to satellite #4

% VIS - visibility function between two satellite

IESXFAEXRIERXXLXXTILKRXRERRRRRXRELETXETXLEXXEXRRXLERERRLRERE
SUBROUTINE FOURVIS(STEPS,SIZE)

INTEGER COUNT,STEPS . \
REAL*8 PHI,R1(4),R2(1),R3(4),R4(4),SIZE,VIS

OPEN(UNIT=1,FILE='POS1.DAT’,STATUS="0LD")
OPEN(UNIT=2,FILE="POS2.DAT’,STATUS='0LD’)
OPEN(UNIT=3,FILE='POS3.DAT’,STATUS="0LD’ )
OPEN(UNIT=4,FILE="POS4.DAT’,STATUS="0LD’)
. EEREFEEXERRRREREREEREREEXRRX LA TERE R R RATXRRREBESXETRRAXERXRS

* Th2 following table lists filenames and their content
¥ UNIT = 10; VIS1.D.T - visibility between 1 and 2
¥ UNIT = '11; VIS2.DAT - visibility between 1 and 3
* UNIT = 12; VIS3.DAT - visibility between 1 and {
* UNIT = 13; VISI.DAT - visibility between 2 and 3
* UNIT = 14; VIS3.DAT - visibility between 2 and 1
* UNIT = 13; VIS6.DAT - visibility between 3 and 4

*tttttt:*t::ttttt#:tt::tttta:tt:tz*tt:t*ttﬂttz:t:at:tttt:ai
OPEN{UNIT=10,FILE='VIS1.DAT’,STATUS="NEW")
OPEN{UNIT=11,FILE="VIS2.DAT’,STATUS="XEW’)
OPEN(CXIT=12,FILE=’VIS3.DAT'.STATUS=’NEW’)'
OPEN(UXIT=13,FILE="YIS1.DAT' ,STATUS="NEN’)
OPEN(UNIT=14,FILE="VIS3,DAT’ ,STATUS="XEW" )
OPEX(UNIT215,FILE="V1S6.DAT’,STATUS="\EW")

DO 20 COUNT = 0,STEPS
READ(1,*)R1(1),R1(2),R1(3),R1(4)
READ(2,#)R2(1),R2(2),R2(3),R2(1)
READ(3,*)R3(1),R3(2),R3(3),R3(4}
READ({,*)R{(1),R{(2),R1(3),R 1y

EXEERAREEEIERRRELAXIRRLRRELTERXRIRXSSARRRABEALXRXRARKEARE S
% The following lines calculate ftue visibility function as
. % in the subroutine TWOVIS. & .ace four satellites are inv
* this case, visibility che ks must be made between satell

* 2, 1and 3, 1 and 4, 2 and 3, 2 and 4, and 3 and 4.
'#tt#**#*#t**ttt*#*tttt*tttttttt:ttttttttttttttttttttttttttt

! . Satellites #1 and 52

t#*#ttt*ttt#t#ttt:ttttttlttttt#ttttttt#ttt:ttctttttttt*tttt
((81(1)‘82(1))+(R1(2)*32(2))+(81(3)¥82(3)))/(RI

IF (PHI GT.(I ODO)) THEN
PHI = 1.0D0. :
ELSE IF (PHI.LT.(-1. ODO)) THEN
__PHI = -1, ODO -

\
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L i 222232222822 E 2 tttttttttttttttt’tttttt‘ttttt*ttttt**‘tt*##*t**t*t*###

* Satellites %1 and #3 %
- u:nuuunuuuusuuuutnuunuuunnnuunnutu:nun

i ((81(1)'33(1))*(81(2)‘!!3(2))+(Bl(3)*R3(3)))/(R1(4)*R3(4))

IF (PHI. G‘l‘ (1.0D0)) THEN
PHI = 1.0D0
ELSE IF (PHI.LT.(-1.0D0}) THEN
: PHI = -1.0D0
EXDIF

VIS = (DACOS(1.0DO/R1(4))) + (DACOS(1.0D0O/R3(4))) - (DACOS(PHI))
WRITE(11,110)COUNT#SIZE,VIS
e L dhadnaandanbadidddedd cddd ettt i

b ' Satellites #1 and #4 b
untunttntuu:uuntcnnuuunn:untuunuuuu:utnnu

= ({(RH1)IR4(1))+(R1(2)*R4(2))+(R1(3)*R4(3)))/(R1(1)%R4(4))

IF (PHI.GT.{1.0D0)) THEN
PHI = 1.0D0

ELSE IF {PHI.LT.{(~-1.0D0)) THEN
PHI = -1.0D0

ENDIF

VIS = (DACOS(1.0DO/R1(4))) + (DACOS(1.0DO/R4(1))) - (DACOS{PHI))
WRITE(12,110)COUNT*S12E,VIS
t‘#ttttt#ttttttt‘ttttttltttttt:tt‘ttttttttttt‘ttttttlttttttttttttttt‘tt

» . Satellites 32 and #3 b
ttttttttttttttttl“‘tttt‘ttt‘t“tt"883338ttt‘ttt“t‘.t"‘tt““'ttt'tt‘

FHI = ((RZ(1)*R3(1))+(R2(2}*R3(Z))+(R2(3)*R3(3))1/(R2(3)*R3(1})

IF (PHI.GT.(1.0D0)) THEN
PHI = 1.0D0

ELSE !F (PHI.LT.{-1.0D0)) THEX
PHI = -1.0D0

ENDIF

VIS = (D-\CCS(I 0D0/R2(4)))+(DACOS(1. ODO/R3(I))) ={DACOS(PHI ) )
WRITE(13,110)COUNT®SIZE, VIS
L T L R e R e PP E Y

- Satellites 22 and =i ‘ *
SESTESRASELELRESRAELLASRESARRIPLEELEASEASEREETLLRSLLETANERAATIERRARTAR S

PHI = ((RZ(I)'N(!))0(R2(2)'Rl(2))+(RZ(3'):RH3)))/_(BZH)'_RN-”) '

IF (PHI.GT.(1.000)) THEN
PHI = 1.0D0

ELSE IF (PHI.LT.(-1.0D0)) THEN

~ PHI = -1.0D0

'EXDIF -

VIS = (DACOS(1.0DO/R2(4)))+(DACOS(1.0DO/R4(4)))-(DACOS(PHI))
‘WRITE(14,110)COUXT*SIZE,V1S :
STV FETISLRLREILLALS LSS REEEEILILIALLLELLLTLENLLELSRELLLESEANNLS

s ‘ Satellites #3 and #4 :
) EESSEERNSERNEEEENNNEEESNNSEITLLERISILATEERAARILLTRILLNLACBLRAELARE0S
K - PHI = ({R3(1)%R4(1))4(R3(2)*R4(2))+(RI(3)*R4(3)))/(R3(4)*R1(4))

IF (PHI.GT.(1.0D0)) THEN.
PHI = 1.0D0
Pl = -1,0D0

ENDIF -

P S S N X5 I R ST, | e
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110

WHITE(13,110)COUNT*SIZE,VIS
CONTINUE

CLOSE(UNIT = 1)
CLOSE(UNIT = 2)
CLOSE(UNIT = 3)
CLOSE(UNIT = 4)
CLOSE(UNIT = 10)
CLOSE(UNIT = 11)
CLOSE(UNIT = 12)
CLOSE(UNIT = 13)
CLOSE(UXIT = 14)
CLOSE(UNIT = 15)
RETURN
FORMAT(110,5X,F12.5)

END




SUDNUL 1 I NXE DLENY

PURPCSE: The purpose of this subroutine is to parabolically blend
the points of the visibility function. The equation of
the blended curve will then be solved for real roots. If
a real root exists, it represents exther a rise or set
time for the objects of interest.

‘

VARIABLES: I
INPUT: L
STATE - specifies a file unit number i
STEPS - number of steps i

T - chronological time over tim~ span {
VIS - value of the visibility function l

LOCAL VARIABLES:

A,B - variables used in the solution of the closed fora

cubic equation {Escobal, 132- 434)

ALPHA coefficients of the cubic ,

CHECK - slightly later time than cross. The value of check
is used to determine is a horizon crossxng is a
rise or set.
cosine of the angle phi used in solution of the
. cubic equation

COUNT < do loop counter

' COSPH1

PR B 2R BE N BR K R BE N BE BE B R EE_ SR L AR R R 2R 25 AR

'l*'lll*'l“***-***b&*l“'**#**“*“*“Q“******&#*“**I*l*‘*

CROSS - time of a rise or set x
D120 - 120 DEG changed to radians x
D210 -~ 240 DEG changed to radians x
DELTA - see closed foram solution of cubic equation * !
EVENT - 1 if the crossing is a rise; 0 if the crcssing is ¢ * ;
set ' * :
EO - see closed form solution of cubic equation x ﬁ
INC - increment of tige T * ‘
0 - coefficient of cubed \urlable in cubic equation *
P - coefficient of squared varisble in cubic equation *
‘PRI .= angle used in calculation of roots of cubic equation *
Pl - mathematical constant pi X
Q - coefficient of the first degree \arxable in the x
‘ cubic equation x ‘
QINT - portion of the quadtatxc equation under the radical  #
R - constant value in the cubic equation *
ROOT1,R00T2,R00T3 - possible roots of the cubic equation *
. SINPHI - sine of the angle phx used in solution of the cubic *
equation ¥
21,22,23 - variables used in determining roots of the cubic L
. equation . ®
' %
REFERENCES: Adams and Rogers, 278-284 *
" Alfano, Negron, and Moore, -5 ®
Escobal, 431-433 *

L ARREREERREEARRIREERRRKEE AL REBXKA XA BAR B BXERXRA KRR R XX XXRRERETAXK KRR XRR
SUBROUTINE BLEND(STATE,STEPS,T,VIS)

INTEGER COUNT,STATE,STEPS
REAL*S A,ARG1,ARG2,B,ALP2(0:3),ALPHA(O: 3),CHECK, COSPHI ,CROSS
REAL*8 D120,D240,DELTA,EO, EVENT, INC, P, PHI, PI,Q,QTNT, VALA, VALB
REAL*S R,ROOT1,R00T2,RO00T3,SINPHI,T(0:STEPS+2)

BREAL®S VIS(0:STEPS+2),21,22,23
tl#*i#t*tt#‘lt#t“‘***l***3‘#3*!‘*3###“3““#*‘*#t!#t#*#tt‘t“t#‘#.*‘t '
. " ... CONSTANTS . *
t*#ﬂ*********#t*t!‘tm#‘t*tttt‘tttt*tt#**t‘t‘t‘*ttttt#tt#‘t““‘t. 3#*#!*

PI = DkCOS(-1.0D0)

D120 = 120.000%(P1/180.000)

PO . M e e Tl emiedms st e o o o SR e it b e A A Y i
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* The following lines assizn values to the first.and last peints in =
¥ in the visibifioy ~u1xc Thest points fall immedictely beofore and #
Y oimmoediztely after the ucpaintc of intcrest. This insures nc x
*  pertion of the curve will be omitted wnen testing Yor hericzown ¥
* g¢rossings.

R R R R KT X RS K KA R TR R T AR AR R RN R XN E IR ERRNRKER NI w e w Xy 5§

TH0) = T4y
VIS({O) = VIsit)

TISTEPS+L )Y T{STElC+1)
VISICTEPS-L} = VIS{STERS+!)
xxr*t*t*xxxxxx**xxxx*>ix:**x*xxttx**x*x**xxxxxxxx*xxzx*g:t.zxt*x*:*r:x*

* In the follewing do loup, the coefficiente of thic cubic cyuaticon *
* zare determined using parabolic blonding. *
E3 232223 I P I T Tt I T 3T ST+ 323 23233322332 T3
pC 10 COUNT = §1,STEPS , ‘
ALPHA(Z) = {(-.50D0)*VIS{COUNT-1)+{ 1. 30D *#VIS(COUNT }+(-2.SCLC =

+ ‘ VIS{COUNT+1)+(.50D0}*VIS(COUNT+2)
ALPHA{Z} = VIS{COUNT-1)+{-2.50D0)*VIS{COUNT)+{2,0D0!*
+ VIS{COUNT+1)4(-.S0D0)*VIS(COUNT+2)

HA(Y) = (- .JODO)*\TS(C“'BT-‘)+(.VD“)*\IQ’C UiT+1,

f LPH%'O) = VIS{COUXT}
xxtr*r*******xx*:*xxzzxx**xxx********x***x*#*t**x:*x**x*w**r*****X**#x*
* In the event that the eguation is a guadratic eguation instead of *
= a cubic equation, the following lines determine the roots of the =
* guadratic.

E 3 24+ 3 x*trr*xr:xx*z~*r*xr***x*z:***x-**x***i*xxr*i*x*tt**x**x*x:x***x*x
IF {DABRCALDPHY(2YYL LE. (0.000001D0) . AND.DARS{ALPHA{2) ) LE.
+ 10.“00““1“0).\\D.DXB:(ALPHA(l)).L..(.OOQDOIDO)) THEX

" RCOTYI = ~1.002 :
RGITL = -1,40D70 ’
ROCT. = -1.9D%
slak TN

uliv o
ELSE IF ’D‘E""“K 1Z2V1VLE .(0.00‘30 DO ANDLDABS(ALDPHA(Z)Y L LE,

+  {0.0000C1D0!; THEXN
ROCT1 = -‘LPH\( YALLIHALL)

ROCTL = -1,0D20
|

ROOTE = -1,0D0
, GCTC B
ELSE IF (DABS(ALPHM{3::.LE.({0.000001D0}) THEY
QINT = (ALPHAL1)**2, 0D0)-{1.CDO*ALPHA(Z)¥ALPHAIO ) '
IF IQINT.GE.10.0D0Y! THEN
EQOTY = (~ALPHA{1)+DSQRT(QINT I}/ 2, 3D0*ALPHA{CZ )
ROOT2 = {-ALPYA(1}-DSQRT'G \T) J{2,0D0#ALTHALS )

ROOTS = -1,000

X
oQ
o
far
poy
"

-1.0D0.
-1.0D0 '
- ‘IGQDO

o
28

Q
'3 3
w1
y "

ENDIF
EEREKEXERREEE KRR RN KR LR AR ERX KA AL X KRR IR EFRRRE RN KK

* The following is a closed form solution to' the cubic equation.. *
‘***************tl*i*:*tt**t*tttt***#*t#t***!t!******!*t******t*t***t**t
ALPHA(2)/ALPHA(3; '

ALPHA(1)/ALPHA(3) ‘

ALPHA(0) /ALPHA(3) . '
{1.000/3.0D0)*({3.0D0*Q) - (P** .0D0))

(1.0D0/27.0D0}*{ (2.0D0O*(F**3,0D0))~(9,0D0*P*Q+( .ODO*R‘)
DELT, = ((A*#2,0D0)/27.0D0) + {(B**2.0D0)/!.0D0)

w s 00 D
" n "

i

o bkt
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IF {ARG1.LT.(0.0D0;) THEN
VALA = -((D\BS(%RGI‘)**(.SSCBEDC)\
ELSE ‘
VALY = \Pul**( 33300}
ENDIF '

F {ARG2.LT.{0.0DG)) THEX

~ VALB = ~({{DABS(ARGZ2) j*>{ 23222300 )
ELSE ' :
VALE = \RG2#**(,332332D0:

ENDIE . : '

21 = VALA + VALB , _

ROOT1 = 71 - {(P/3.0D0) |

ROOT2 = -1.0D0 - : : ‘

ROOT3 = -1.0D0 - ‘
ELSE IF {DELTA.EQ.(0.0DO}) THEN

ARGl = -B/2.0D0 |

ARG? = ,a.ODO

IF (MRG!.LT.(0.0DO)) THEX _
Z1 = -2.0DO*( (DABS(ARG!!)**{,2323300})

ELSE IF (ARG1.GT.(0.0DQ)) THEX

71 = 2.0D0*{ (DABS(ARGI!)**(,32222D0);

ENDIF.
IF {iRG2.LT.(0.CDO}; THEY , : ;
2% = -{{DABS{ARGL ==%(,23222D0}) : ;
ELSE IF {AG2.GT.{0.u5C)} THEN :
IO = ARGZ*x{, 3233300
ENpIT ' : !
ROOT1 = 21 - (F/2.0LO:
ROOT2 = z2 - {P/3.0DC! !
ROOT3 = -1.0D0
TLSE IF (DELTA.LT.(0.ODO}) THEN
ARG = -({Ax¥2,0D0) /27,000 A , .
ARGZ = -{A/3.0DD) -
IF (ARG1.LT.10.0DO}.CR.ARGZ.LT.(5.CD0Y) THEX
ROOTY = -1.00C ' S
ROOT2 = -1.0D0 ' . ' i
ROOT% = -1.0D0 o : z
 ELSE
" TEO = 2.0DO*DSGRT(ARG2)
. COSPHI = -B/{2.0DO*DSQRT(ARG1))
SINPHI .= DSQRT(1.0D0-{COSPHI**2,0DC )}

PHI = DATAN2(SINPHI,COSPHI)

Z1} = EO*DCOS(PHI/2.CDO)
22 = EC*DCOS({(PH1/3.0D0!+D120)
23 = EO*DCOS{{PH1/3.0D0}+L210!}
ROOT1 = Z1 - (P/3.0DD)
ROOT2 = 22 - (P/3.0D0)
ROCT3 = 23 - (P/3.0D0)

EXDIF - -

ENDIF
S COXTINUE
t*nunut:uu::nuxuuuuuxuuzr::znxuu:nunnunn*:xu*
* If a positive root is found, parabolic blending is ‘used to deter- *
a cubic equation based on the times corresponding to the \:svblut\'
values of interest, The value of this cubic equation evaluated at *
the roct of the equation above (ROCT1,RO0TZ, or ROOT2 zbove) tao L
Sfind the exart time of crossing.’ Thﬂ same equation it evsluated *

R % %%
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IF (ROOTI GE.0.AND.ROOT1.LE.1) THEN
ALP2(3) = (~.50D0)*T(COUNT~1)+{1.50D0)*T(COUNT)+(-1.350D0)*

+ _ T(COUNT+1)+(.350D0)*T{COUNT+2)
ALP2(2) = T(COUNT-1)+(~2.50D0)*T(COUNT)+(2.0D0)*
+ T(COUNT+1)+(~.50D0)*T(COUNT+2)
ALP2(1) = (~.50D0)*T(COUNT~1)+(.5D0}*T(COUNT+1)
ALP2{0) = T(COUNT)
CROSS = ((ROOT1#¥*3,0D0)*ALP2(3))+((ROOT1#%2.0D0)*ALP2(2))+

+ (ROOT1*ALP2(1))+ALP2(0)
ROOT1 = ROOT1+INC ‘
CHECK = ((ROOT1¥%3, 0D0)*ALPHA(3))+((RO0T1**2 0D0)*ALPH&(’))+
+ (ROOT1*ALPHA(1) )+ALPHA(O) - -
IF (CROSS GE. (T(COUNT)).AND.CROSS.LE. (T(COUNT+1))) THEN
. IF (CHECK.GT.(0.0D0)) THEN
WRITE(25,100)CROSS
EVENT = 1.0D0
WRITE(60, *)CROSS, EVENT
WRITE(STATE, #)CROSS, EVENT

ELSE
WRITE(25,110)CROSS
EVENT = 0.0D0

WRITE(60, *)CROSS,EVENT
WRITE(STATE, #)CROSS, EVENT
ENDIF
ENDIF
ENDIF

IF {ROOT2.GE.0.AND.ROOT2.LE.1) THEX
ALP2(3) = (=.50D0)*#T(COUST-1)+(1,50D0)*T(COUNT) #({~1.54DC} %

+ T(COUNT+1)+(.50DO)*T{COUNT+2)
ALP2(2) = T(COUNT-1)4(-2 «30D0)*T(COUNT)+{2.0D0)*,
+ » T(CCUNT+1)+(~.50D0)*T(COUNT+2) ,
ALP2(1) = (=.30D0Y*T{COUNT-1)+(.35D0)*T{COUNT+1)
ALP2(0) = T{COUXT)

CROSS = ({ROOT2#*3)*ALP2(3))+((ROOT2*£2)*ALP2(2})+{ROOT2*
+ . ALP2(1))+ALP2(0)
ROOT2 = ROOT2+INC '
CHECK = ((ROOTZ*‘S)*%LPHA(3))+((ROOT2**2)*\LPH\(’))+(ROOT°*

+ ALPHA(1))+ALPHA(O)

+ ' T(COUNT+1)+(.50D0)*T(COUNT+$2) , o
: ALP2(2) = T{COUNT-1)+(~ 2.a0D0)*T(COUNT)+(2 0D0 )= '
+ _ T(COUNT+1)+(-,50D0)*T(COUNT+2) : :

= (=.50D0)*T(COUNT-1)+(.5DO}*T(COUNT+L) '+

IF (CROSS,GE. (T(COUNT)).AND.CROSS. LE. (F(COUNT+1))) THEN
IF (CHECK.GT.(0.0D0)) THEN
WRITE(25,100)CROSS
EVENT = 1.0D0
WRITE(60,*)CROSS, EVENT
WRITE(STATE, #)CROSS, EVENT
ELSE '
WRITE(25,110)CROSS
EVENT = 0.0D0
WRITE(60,%)CROSS, EVENT
WRITE(STATE, % )CROSS, EVENT
. ENDIF
ENDIF
ENDIF

IF (ROOT3. GE.O.AND 30013 LE.1) THEN - ' '
ALP2(3) = {~.50D0)*T(COUNT-1)+(1. 50n0)*r(couur)¢( l.aODO)*

.ALPZKI)
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+ ALP2(1))+ALP2(0)

ROCT3 = ROOT3+INC
CHECK = ((ROOT3*%x3)*ALPHA(3))+({ROOT3**2)%ALPHA(2) )+{ROOT3*
+ ALPHA(1) )+ALPHA(O)

IF (CROSS.GE. (T{COUNT)).AND.CROSS.LE. (T(COUNT+1))) THEN
IF (CHECK.GT.(0.0D0)) THEN
NRITE(25,100)CROSS
EVENT = 1.0D0
WRITE(60,%)CROSS , EVENT
WRITE(STATE, * )CROSS, EVENT
ELSE
WRITE(25,110)CROSS
EVENT = 0.0D0
WRITE(60, #)CROSS , EVENT
WRITE(STATE, * )CROSS,, EVENT
. ENDIF
~ ENDIF
ENDIF

10 CONTINUE

100 FORMAT(r12.5,' SEC - RISE’)
110 FORMAT(F12.5,' SEC - SET')

RETURN
END
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* . : x
¥ DPURPOSE: The purpose of this subroutine is to accomplish a *
* : check for constant visibility between a ground station %
* and 2 satellites. %
x *
* VARIABLES: *
x INPUT: %
* STATE - File number specifier *
t 3 . . %
* LOCAL VARIABLES: *

% CHANGE - specifies when communcation is broken or re- *
* established *
* COUNT - do loop counter *
* El,E2 - Specifies rise/set time for \1s1b111tv function *
* : a ground station and 2 satellites *
* EVEXNT - Array of all rise/set times *
* IN . = do loop counter *
* RS1,RS2 - 1 if the event is & rise; 0 if the event is a set*
¥ SUM - Sum of RS]1 and RS2 at a given event *
* T '~ = time zero of any selected visibility function %
x - in this subroutine T is a place holder *
* TEMP - Temporary value used in sort loop *
* TOTAL - Total number of events *
¥ TOT1 - Number of events between Ground Stat1on #? and *
¥ , Satellite #1 *
* T0T2 - Number of events between Ground Station #? and *
* Satellite =2 : *
* TT - Holds all event times and the correspcnding K
* status of the visikility function for each x
x viewing path *
* v ~ the first value of the selected visibility x
* : function *
* X : -~ do loop counter ¥

AR R AR R RN R E IR R SRR IE R ARA R AR EE AR XX RS XXX AL ARAR
SUBROUTINE GSSCVC2{STATE) -

" REAL*8 E1(0:100),E2(0:100),EVENT(C:3500)
"REAL*8 RS1{0:100),RS2(0:1001,SUM, T, TEMP,TT!0:500,2),¥
INTEGER COUNT,CHANGE,CHECK, IX,STATE, TOTAL, TOT1, TOT2, X

OPES(ESIT=41.FILE§'STATI.DAT’.STATES='OLD')
. OPEN(UNIT=42,FILE="STAT2.DAT’,STATUS="OLD’)
‘ OPEN{UN1T=60,F1LE="TRACKER.DAT’ ,STATUS="0LD")

REWIND(UNIT=60)

OPES(ENIT=10.?ILE;’YISI.DAT’.STATUS='OLD’)
OPEX{UNIT=11,FILE="Y1S2.DAT’,STATUS="OLD’ )

WRITE(*,*)’The computer is in the process of deteraining whether’
W¥RITE(*,#) ’or not continuous comaunicaticne is possible, When °'
WRITE(*,*)’the program is finished rumni - results can. be found’
WRITE(*,%)'in the Iile RISESET.DAT.’

) t"tt‘*‘*t****tttttt*t‘l“*“*‘tttttt‘tttttttt!*lt:*t***t*t'f*t'r*t?t
¥ . GROUXD STATION AXD SAYELLITE =1 *
#**:tt*tt#t833#3##31#:"83tttt*#tt:ttt*t**t#ttttt#ttttt#*t#tt*ttttttt

TOT1 = 0
DO 20 COUNT = 1 100
READ({STATE, * EVD‘Za)El(COLﬁT) RSI(COLVT)
TOT1 = COUNT
20 CONTINUE .

P G L T . P
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READ(10,%)T,V

IF (V.GT.(0.0D0)) THEN
RS1(0) = 1.0D0

ELSE
RS1(0) = 0.0D0

ENDIF '

ELSE IF (RS1(1).EQ.(0.0D0)) THEN
RS1(0) = 1.0D0

ELSE
RS1{0} = 0.0DO
ENDIF
BEREERAERERRRRE R SRR LR RRRERRTRRARRLERR A S RETX SRS XERRKXRRKERKLL XX
* GROUND STATION AND SATELLITE 22 *
EERERTRERXERRREAEREEEBRERBARELRERRREBAEEXXEBREXARLAXEEXXERXRERL R KRE LK
T0T2 = 0

DO 30 COUNT = 1,100
READ(STATE+1,#*,END=35)E2(COUNT),RS2(COUNT)
TOT2 = COUNT ‘ .
30- CONTINUE
35 E2(0) = 0.0DO

IF (TOT2.FQ.0) THEN
READ(11,#%)T,V
IF (V.GT.(0.0D0)) THE\
RS2(0) = 1.0D0
ELSE
RS2(0) = 0.0D0
ENDIF
ELSE IF (RS2(1).EQ.{0.0D0)) THEN
RS2{0} = 1.0D0
ELSE
RS2(0) = 0.0DC
EXDIF
t**!t#**ttttttttttttttttttttttt't##tttttttt:tttt::ttt::ttttttttttttrt
* The fcllowing calculates the total number of events Letween the *
* grcund station and two satellites. x
Sl Shbthahihisaasaundast it b eddid il A eSS At t il LA L L T

TOTAL = TOT1+TOT9

CHECR = 0
. DO 15 COUNT = 1,500
READ{60,* E\D-lB)E\EST(COL\T)
. CHECK = COL\T
45 CONTINUE
18 COXTINLE

IF (CHECK.EQ.0) THEX :
WRITE(25,%)'There were no visibility opportunxtxes vith thxs
+ configuration.’

GOTO 140
ENDIF
tt#*tttt*tt#tsttttttttttttttt#tlttttttttttttttttttttttttttttttt:ttttt
* The following orders all the events froa the smallest to the *
* largest. x

*#ttttttltlttttttt#tttttttttttttttt‘tttt‘t‘lttctttttatttt#tttttt#t*l*
DO 60 COUNT = 1,TOTAL-1
DO 50 X = 1, TOTAL-I
IF (EYENT((+1) LT.EVENT(X)) THEN

TENP = EVENT(X+1) .
EVENT(X+1) = EVENT(X)
EVENT(X) = = TEMP

ENDIF

. ..50 _CONTINUE

o
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***'**‘*‘*‘**********‘*****‘******‘*‘*"*“"3:‘""‘l““"@'.éoo#o.

* The following deteramines the status of conmunxcat1ons for each «
* possible visibility path at each event. *
EXERRERRERRREREFERRERREEEEERRRERXRERAXEREXRRRXRRKRRERRXR KX EERELXR LR K
' DO 80 COUNT = 0,TOTAL
IF {TOT1.EQ.0) THEN
TT{COUNT,.) = RS1(0)
GOTO 80
ENDIF
DO 70 IN = 0,TOTY - 1
15 (EVENT(COUNT).GE.EYI(IN).AND.EVENT(COUNT).LT. EI(I\+1)) THEN
TT(COUNT,1) = RSI(IN)
GOTC 80
ELSE .1F (EVENT(COUNT).EQ.E1{IN+1)) THEN
TT{COUNT,1) = RS1(IX+1)
-GOTO 80
ELSE IF (EVENT(COUNT).GT. El(l\+1) ANDL. IN. EQ (TOT1-1)) THEN
TT{COUNT,1) = RS1{IN+1)
GOTO 80 '
ENDIF
70 COXTINUE
80 CONTINUE

D0 120 COUNT = 0,TOTAL -
IF (TOT2.EQ.0) THEN.
TT{COUNT,2) = RS2(0) -
GOTO 120
ENDIF :
DO 110 IN = Q,TOT2 - 1
TF (EVENTICOUNT ) CELE2(IN Y ANDLEVENT. COUNT) L LT.E2(IN+1) ) THEN
TT(CJ[“T.Z) = RSZ(IN)
GOTO 1
ELSE IF (‘\E\T((OL\T) EQ.E2(IN+1)) THEN
TT(COUNT,2) = RS2{IN+1) Co
GOTO 120
ELSE IF {EVENT(COUNT).GT.E2(IN+1).AND.IN.EQ.(TOT2~-1)) THEX
TT{COUNT,2) = RO2(1N+1)
GOTO 120 ‘
. "ENDIF
210 COMTINUE ' :
120 CONTINUE ’ - , '

CHANGE = 1 .
tt:*!t!t!ttt;tt*t'tt‘tttt&ttttttt#‘!!#ttttttttt#t*!tttt#*tttt#t!t*#**
" % The uext DO loop determines if constant communication is ‘X
o * pcssible. If the sum is enuzl to zero, communication is not’ %

* possible. If the sua is greater than or equal to one,. consuni— *
* cation is possible. ‘ x
:::s*tt:t::*:t:tt::ta:ttt:sasta:t*t::ttt::ma:ta:*::t:tt::tt:s*tat*t:x
- DO 130 COUNT = 0,TOTAL '
St = TT({COUNT,1) + TT{COUNT,2)
IF (SUM.EQ.(0.0D0).AND.CHANGE.FQ.1) THEX
WRITE({25,%)’ Co-lunxcatxons broken at ’,EVENT(COUXT)
- .CHANGE = 0 :
E\DIF

IF (SUM. GE. {1.0D0).AND.CHANGE.EQ.0) THEN
' WRITE(25,%)’ Co-unxcatxons re-establlshed at ',E\E\T(COLYT)
~ CHANGE = 1 .
ENDIF -
130 CONTINUE
140 CONTINVE




CLOSE(UNIT=10,STATUS="DELETE")
CLOSE(UNIT=11,STATUS="DELETE")

RETURN
END
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: SUBROUTINE CVC3 ' *
. *
* PURPOSE: The purpose of this subroutine is to accowplish a *
~ * + check for constart visibility between 3 sateilites. *
<X For visibility to be maintained, at least two *
¥ - palhs <f visibility must be maintained at »'l times. ¥
* » ‘ - x
*  VaRIABLES: *
* IXPUT: R
* KIND . = specifies whother 3 satellites are involved (1) *
* or a ground station and 3 satellites are ¥
L involved (0) ' R
* . 8TATE © - File number specifier *
* : , ]
* WNCAL VARIABLES: : *
* CHANGE - specifies when communcation is broken or re- ¥
* , established *
* " JOUNT - do loop counter. *
* 7 ...,E3 - Specifies rise/set time for visibility function *
¥ o ' tetween 3 satellites or a ground station and x
* g 3 satellites *
LE -~ FVENT - Array of all rise/set times *
* IN _= do loop counter ' C X
* R31,..RS3 -~ 1 if the event is a rise; 0 if the event is a set*
* UM = Sum of RS1...RS3 at 2 given event
* 7 -~ time zero read from file of visibility dats *
* ’ - in this subroutine, 1 serves only as a place *
* holder ¥
* TEMP - Temporary value used in sort loop X
* TOTAL - Total number of events *
* TCT1 - Number %% svents betwesn: Satellite =1 and’ *
¥ Satellite #2 or Ground Statxon $7 and L
* Satellite 21 *
¥ TOT2 -+ - Xumber of events between Satellite #2 and ¥
* B Satellite £#3 or Ground Station &7 and *
* Satellite #2 ' *
4 013 - Number of events between Satellxte #1 and *
* Satellite £3 or Ground Statlon 7 and *
* . Satellite =3 ' ‘ : *
* 7T . = Holds all event times and the correspondlng ¥
* status of the \151b111ty function for each *
¥ © viewing path I
* 2 - value of the chosen r1sxb111tv func~1on at tlme *.
* equal to zero : : *
* X - do loop counter : : *
****t***t**t***t**#*#*#*#t*:**#*##Jttt**###**#**********#*********#**
SLBROLTINE CVC3(KIXD,STATE) ,
RE&L*B E1(0:100),E2(0:100},E3(0: 100) E\E\T(O aOO) RSI(O :100)
REAL*8-' RS2{0:100),RS3{0:100},SUM,T,TEMP, TT{0:500,3),V
INTEGER CHAXGE, CCUNT, I\.KIVD STATE TOTAL,TOT1 IOIZ IOT3 X o ) :
IF (RIND.EQ. 1) THEN _ ' -ﬂ,; 'i o "f‘ o L - o 3
WRITE(*,*) o ' . o ' S vl p
P ~ WRITE(%,*)'The computer is in the process of detern1n1ng R :
~ " WRITE(#,*)'vhether or not constant communications is'® . =~ b
=7 .. WRITE(*,*)'maintained. When the program has finished’. e e
woe o~ o .7 WRITE(®, *) ruhnxng, results lay be found xn RISESET DAT.V~_:_ IR S
SO S ,.‘,ENDIF o R ,-~-v»-’—,_ . S e e Y‘

;cmwnrr-u sxm-'sun m'.s'muss'om )

vm.. - ....-.; -d-‘“u .Mﬂ!\
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OPEX(UN1T=6U,F1LE="TRACKEK.DAT',STaTUs="0tD’)

IF (KIND.EQ.0) THEN
REWIND(UNIT=60)
ENDIF

OPEN(UNIT=10,FILE="VIS1.DAT’,STATUS="0LD’)
OPEN(UNIT=11,FILE="V1S2.DAT’,STATUS="0LD’)
OPEN(UNIT=12,FILE="V1S3.DAT’,STATUS="0LD’)
Ty Y P Ty T
* The following DO loops read the rise and set times for each vis- *
* ibility path. *
AR AR R R AR R RN AR R AR R R LR RE KRR EETAEATRRTRRTRRNTE
* SATELLITE #1 AND SATELLITE #2 *
* GROUND STATION AND SATELLITE #1 *
ERXRERXEEREXEEEXRERRRREELREARARLAREEA XS XRRZ L XSRRELSEERLEETRTRRRRKE S
TOT1 = O
DO 20 COUNT = 1,100
READ(STATE, *,END=25 ) E1 (COUXT),RS1{COUNT)
. TOT1 = COUNT
20 CONTINUE
25 EI1(0) = 0.0D0

R RIS 2223322222222 2 3323222222223 222222 Eio222 232322322333 22 4

* If there were no rise or sct times, the file ccataining the vis- *
* ibility data must be referenced to determine if the two objects *
* of interest are always in view or never in view. *
E I R R Y T T T T e P L T T P P S 2 T
IF (TOT1.EQ.0) THEN
READ(10,*)T,V
IF (V.GT.(0.0DO)) THEN
RS1{(0)=1.0D0
ELSE
RS1(0}=0.0D0

EXEIF
EEEEEERIX IR R RS RN LR EREXE R LR KRR KL XTI KRR SR ERR KR KL RKER

"* The follpu1ng line checks the first condition of the first rise *
¥ cr set time then assigns the appropriate condition to time zers. *

EEFERRELRERXRKRRRRERERRKE TR RRERRER KRR RERKE KRR R KRR EREEXAXRE KRR KKK KKK
ELSE IF (BS1(1).EQ.(0.0D0)) THEN
RS1(0) = 1.0D0
ELSE
~BS1(0) = 0.0D0

ENDIF
t*****tt***t****t**t**t#*t#**8#**t*#***t#t*tt**t*tt‘tt*#*tt***ttt****
* SATELLITE #1 AND SATELLITE #3 - *

* FROUND STATION AND SATELLITE =2 .

***********t¥**8#**#*#****#****t#t*4***#****&*****##tt*****t**#*#t*#t

- TOT2 = 0
DO 30 COUNT = 1,100 '
READ{STATE+1,* EhD'3a)E°(COU\T) RSZ(COUNT)
TOT2 = COUNT
30 CONTINUE
35 E2(0)-='0.0D0

IF. (TOT2.EQ.0) THEN
READ(11,%)T,V
IP (V.GT.(0.0D0)) THEN
_ Bsz(0)=1.000 ,
BS2(0)20.000 . S o
ENDIF- : Gt el T B

Co g
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_* The following line checks tke first condition of the first rise “*

¥  OF. set time thep assigns the appropriate condition to time zero. ». ;i_“' .
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S e TEMP L gVENT§X+1)
o e %@_~~—4i~ :vssr(x+1: ‘= EVERT(X).
. EVENT(X) = TEMP
RS 7t 2
so CORTINUE

R X e e n ek e BRI D iy

—§83(0) = 1.0D0 : S
ELSE :
RS2(0) = 0.0D0
ENDIF
REEREERELEERRRRTRRRAERERRRERKBRXERRRKERERERRKECRERRERRKERLLLEXRXEKRS
x SATELLITE #2 AND SATELLITE #3 ¥
* - GROUXD STATION AND SATELLITE =3 *
**t**********t*#***t*******t**#********t***t**t*t#*t***********#*****
TOT3 = 0

DO' 10 COUNT = 1,100
READ(STATE+2.*,EWD-43)ES(COLVT) RS?{COUNT)
TOT3 = COUNT

40 CONTINUE
45 E3(0) = 0.0D0

IF (TOT3.EQ.0) THEN
. READ(12,*)T,V
IF (V.GT.(0.0DC)) THEN
. R83(0)=1. ODO
ELSE -
"RS3(0)=0.0D0
ENDIF :
EREXXRXREXXRXERREERREERRERTRER XL L LA XX KRR EREEXREKRRLRXREXRERKRRERERRRE
* The following line checks the first condition of the first rise *
* or set time then assigns the appropriate .condition to time zero. ¥
EXXEERREEXRERREXEEERERXERXELEERERRRERRRRKRRRRRERREXRERRERRREEREERRKER
ELSE IF (RS3(1).EQ.(0.0DO)) THEN -
RS3(0) = 1.0D0
ELSE
RS3(0) .= 0.0DO

ENDIF
*t****t*t**#t***#*t#****t*:***t#t*zttt:t***#tt********#******t******t
¥ The following calculates the total number cf rise/set events *
*  between the ground station and the three satellites or between *
* the three satellites. *

REEXEERXKERRXREEXXARERERRXRRRKA KL KX RKRKRKKEEERXATEXRRRKKKERELERRERKR
TOTAL = TOT1+TOT2+4TOT3

DC 47 COUNT = 1,300
READ(60, * EVD-48)E\EXT'COL\T)
'47 CONTINUE
48 CONTINUE : |
*********#******#t####t*tt*#****t##***‘****8**#*********#*#**#***#***’

% If there were no rise/set times at alli, the following message is *

* written to the final output file and the program ends. .
.*:*:t:**:*:x:tt:t:t*t:t*ta***ata:**t*tta:t:*t*tt*::*#*:t*t***t**:xt**

*IF {(COUNT.EQ.1) THEN
. WRITE(25,%)'There were no opportunitxes fcr \iesxng

+ wtih this configuration.’

~ GOTO 215 ' C
ENDIF ‘ o
t*#**tt*###t***tttttt*t**t#t*t*tttttt*tt*tttt*****t#****tt##****t**t*.r
* ' The follewing perforas a sort to place the list of all events in %
% order from smallest number to largest. ' *
**#*tt#tttt#*tttttt*ttt#ttt*:ttttt:t**tttx3#*#tt#tttt*tt#t*ttt*tttt*t
- DO 60 COUNT = 1,TOTAL-1 '
DO 50 X =1, TOTAL-I

IF (EVENT(X+1) LT.EVENT(X)) THER

60 CO!TINUE

G TG Y el W Ny T A
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- * The following loops determin~ the 1nterned1ate status of v*.ibil-*
* ity at each event. *
RERXERREREEL KR XRRRFEREARKKAR R AR RKARX KRR KRR T KRS TR RERETRRELANRE RS

DO 80 COUNT = 0,TOTAL
IF (TOT1.EQ.0) THEN
-\ TT{COUNT,1) = RS1(0)
. GOTO 80
EXDIF
DO 70 IN = 0,TOT1 - 1
IF (EVEYT(COLNT) GE.E1(INJ.AND. E\E\T(COL\T) LT.E1(IN¢1)) THEN
TT{COUNT,1) = RS1(IXN) ,
GCTO 80
ELSE IF (EVENT{COUNT).EQ.E1(IN+1)) THEN
“TT(CO'NT,1) = RS1({IN+1) '
. GOTO 80 .
ELSE IF (EVENT(COUNT).GT.E1(IN+1).AND.IN.EQ.(TOT1-1)) THEN
. TT(COUNT,1) = RS1(TOT1)
GOTO 80
"ENDIF
70 CONTINUE
80 CONTINUE

-

DO 100 COUXT = 0,TOTAL
IF (TOT2.EQ.0) THEN
TT(COUNT,2) = RSZ(0)
GOTO 100 . ]
ENDIF
DO 90 IX = 0,7012 - 1 .
IF (EVENT(COUNT).GE.E2(IN).AND, EVENT(COUNT).LT.E2(IN+1)) THEN
TT(COUXT,2) = RSZ(IN)

GOTO 100

ELSE IF (E\E\T(COL\T) LEQ.E2(IX+1)) THEV
TT(COUNT,2) = RS2(IX+1)
GOTO 100

ELSE IF (EVENT(COUNT). GT E2(IN+1).AND.IN.EQ.(TOT2-1)) THEN
TT(COUNT,2) = RS2(TOT2)
GOTO 100 '
- ENDIF
90 CONTINUE
100 CONTINUE

DO 120 COUNT = 0,TOTAL
s~ DO 110 IN = 0,TOT3 -1
'IF (EVENT(COUNT}.GE.E3(IX) . AXD. EVEXT(COUST). LT.E3(IN+1)) THEN
 TT(COUNT,3) = ES3(IX) , |
GOTO 120 .
ELSE IF {EVENT(COUNT).EQ.E3(IN+1)) THEN
TT(COUNT,3) = BS3(IN+1)
. GOTO 120 | |
_ ELSE IF (EVEST(COUNT).GT.E3(IN+1).AND.IN.EQ.(TOT3-1)}) THEN
TT(COUNT,3) = RS3(TOT3)
- GOTO 120
ENDIF -
110 CONTINVE T < | ‘
120 CONTINUE 4 . . vﬂ .

coo - P s et IR DL
R T Py - -
B e TNy S ” -

. " CHANGE = 1 -

L n:nusmnnauuunncunutncuununnum&mnntm&
* ' The following determines if continuous cowmunication ix possible.®
* For 3. satellites, the sum must be greater than or equal to 2. % .
* For a ground station and three latellites, thc sua -nst be . ®*
* greater than or equal to 1. s
tnntunnntuuuuunntutnnatuunnuumtnmnnunu :

IF (KIND.EQ.1) THEN
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WRITE(25,200)EVENT{COUNT)
CHANGE = 0

ENDIF

IF (SUM.GE.{(2.0D0).AND.CHANGE.EQ.0) THEN
WRITE(25, 210)E\E\T(COUAT)
, CHANGE = 1
. E\DIF '
130 CONTINUE

ELSE IF (RIND.FQ.0} THEN
DO 140 COUNT = 0,TOTAL
SUM = TT(COUNT,1) + TT(COUNT,2) + TT(COUNT,3)
IF (SUM.LT.(1.0D0).AND.CHANGE.EQ.1) THEN
 WRITE(25,200)EVENT(COUNT)
CHANGE = 0
ENDIF

IF (SUM.GE.(1.0DO).AND.CHANGE.EQ.Q) THEN
WRITE(25, 210)E\EVT(COU\T)
CHANGE = 1
' ENDIF '
140 CONTINLUE
ENDIF

215 CONTINUE.

CLOSE(UNIT=STATE,STATUS="DELETE’)
CLOSE(UNIT=STATE+1,STATUS="DELETE’ )
CLOSE{(UNIT=STATE+2, STATLS-’DELETE )
'LOSE'L\IT 60)

LCSE(UNIT=10, STATLS"DELETE )
CLOSE(L\IT 11,STATUS="DELETE’)
CLOSE(UNIT=12,STATUS="DELETE’ )

200 FORMAT{’Communications broken at ',F12.3,' SEC')
210 FORMAT(’ Coniunxcatxons re—establxshed at ’.FIZ.S,' SEC )

RETURN -

END
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* SUBROUTINE CVC4 »
* .
% PURPOSE: The purpose of this subroutine is to accomplish a *
* check for constant visibility between 4 satellites. x
» For visibility to be maintained, at least 3 *
* paths of visibility must bs maintained at all times. #
x . *
*  VARIABLES: *
*  INPUT: .
. STATE - File number specifier »
* .
* LOCAL VARIABLES: *
» CHANGE' - specifies when connuncatlon is broken or re— 5
* established *
* COUNT - do loop counter ‘ .
* El,..,E6 - Smecifies rise/set time for visibility function *
* “be’ een 6 satellites *
x EVENT - Array of all rise/set times s
* IN - do loop counter ' s
* RS1,..RS6 - 1 if the event is a rise; 0 if the event is a set®
* SUM - Sum of RS1...RS6 at a given event *
¥ T . - time 2ero read from file of visibility data *
% - in this subroutine, T serves only as a place *
¥ holder *
* TEMP -~ Temporary value used in sort loop *
L TOTAL - Total number of events . %
* TOT1 ~ Number of events between Satellite &1 and _ *
* ' ' Satellite 2 *
* TOT2 - Number of events between Satellite #1 and L
LI Satellite #3 *
* TOT3 - Xumber of events between Satellite =21 and *
* ' Satellite #4 b
* TOT ! - Sumber cf events betheen Satellite #2 and *
* Satellite #3 X
* TOT5 - Number of events between Satellite #2 and *
* Satellite 24 %
* TOT6 = Number of events between Satellite 73 and *
* Satellite 24 *
* T - Holds all event times and the corresponding *
L status of ‘the visibility function for each x
» , vievwing path *
* v - value of the chosen ‘isxbxlxty function at time *
* equal to zero »
* X - do loop counter L
tttasta:tttattatatttatatt:a:attatactttttatatttttttttttttttttttattttaa

SUBROUTINE CVC!(STATE)

-REAL*B E1(0:50),E2(0:50),E3(0:50),E4(0:50),E5(0:50)

REAL®8 E6(0:50),EVENT(0:200), 881(0 50),R82(0:50),RS3(0:50)
REAL*8 R34(0:50),385(0:50).!86(0:50).St!.T.TE!P.TT(O:ZOOsS),V
INTEGER CHANGE,COUNT, IN,STATE,TOTAL,TOT1,TOT2, 7073, TOT4,TOTS
INTEGER TOTS X

WRITE(®, ‘) ' _ ;
WRITE(#,8)'The computer is in the proccss of deteraining’ S ;
WRITE(®,#) whether or not constant cossunications is ' : Cod
WRITE(®,%)'maintained. When the progras Las finished’
 WRITZ(%,*)’'running, results ssy be found in RISESET. DAT.

OPEN(UNIT»41,FILEs’ STATI. w'.s'mu se'0LD') . . S o
OPEM(UNIT=42,FILEs’STAT2. DAT' ,STATUSs’OLD’) . ' -
OPEN(UNIT=43, FILEs’STAT3.DAT’ ,STATUSs'OLD’ )

OPEN(UNITs=44,FILEs’STATY.DAT' .STATUS='OLD")




o . READLI2, )T,V

OPEN(UNIT=10,FILE="VIS1.DAT',STATUS="OLD’ )
OPEN(UNIT=11,FILE="VIS2.DAT",STATUS="0LD")
-~ OPEN{UNIT=12,FILE="'VIS3.DAT’,STATUS="0LD’)

! OPEN(UNIT=13,FILF='VIS4.DAT’,STATUS="OLD")
OPEN(UNIT=14,FILE="VIS3.DAT’,STATUS="0LD")
OPEN(UNIT=135,FILE="'VIS6.DAT’,STATUS="0LD’)

tt#*t*****t**##***#t*t#ttt#t#ttttsttt!‘tt*tttttttt**t***ﬂttt***t*****

* SATELLITE #1 AXD SATELLITE #2 x
*t***t**********3**‘******8tt‘3****#38*'*t#‘t**##*t***t*#*t*#*******3
TOT1 = O
DO 20 COUNT = 1,100
KEAD(STATE, * ,Esn-va)£1(c0tsr) RS1(COUNT)
T0T1 = COUNT
20 CONTINUE
25 E1(0) = 0.0D0

IF (TOT1.EQ.0) THEN
READ(10,*)T,V
IF (V.GT.(0.0DO)) THEN
RS1(0)=1.0D0
ELSE
+ RS1(0)=0.0D0
ENDIF
ELSE IF (RS1(1).EQ.(O. ODO)) THEN
RS1(C) = 1.0D0
ELSE
RS1(0) = 0.0D0
ENDIF '
T T T Ty P e T T ]
* ' SATELLITE =1 AND SATELLITE #3 *
Ty Ry e e e PP ety
T0T2 = O o
DO 30 COUNT = 1,100
READ(STATE+1,* EXD'33)E’(C01VT) RS2(COLXT!
- TOT2 = COUNT
20 CONTINUE
33 E2(0) = 0.0D0

IF (TOT2.EQ.0) THEN
READ(11,%)T,V
IF {(V.GT.(0.0D0)) THEN
RS2(0)=1.0D0
ELISE
. RS2(0)=0. 000
ENDIF '
ELSE IF (RS2(1).EQ. (0. ODO)) THEN
BS2(0) = 1.000 |
ELSE '
RS2(0) = 0 0D0 -
" ENDIF .
.“‘ﬁl.“"t“"#.““““ttt‘t‘t‘t‘t“‘““‘tl‘l““t‘t‘.‘ll‘t‘.tt“
s SATELLITE #1 AND SATELLITE #4 b
auuasnut“tuununtnnuauncsuunnsna«nnnnunnaa
. T01T3 = 0
b DO 40 COUNT = 1,100
IIAD(STATEOZ. .ESD!A:)E3(COU!T),883(COUVT)
1073 = COUNT
10 COSTINUE .
15 £3(0) = 0.000

Ir (TUTS.IQ.O) ‘THEN
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ENXDIF
EXSEREAXRARBELELRLEEERAREEERERERXERTESRERELLE SR LT RXXEELTRELREEREERESE
* The following line checks the first condition of the first rise *
* or set time then assigns the appropriate condition to time zero. *
e L Y T e P T Tt T P T R T L T2 T P T T LI TR

ELSE IF (RS3(1).EQ.(0.0D0)) THENX

RS3(0) = 1.0D0

ELSE
RS3(0) = 0.0DO
EXDIF ‘
EXEEXREEEXEXREXXEEEEEXR LSRR EXRRETXRE XX ERRRERRE XN R XL SR REE XXX AR R
* ' SATELLITE #2 AND SATELLITE #3 L
}32 3333333333343 33 333323333333 3333333338333 333 3232232222723 338 333233 4¢ ]
T0T4 = 0 -

DO 50 COUNT = 1,100
READ(STATE+2,* ,a.n.-ssm(cowr) ns«ucoum
TOT4 = COUNT
50 CONTINUE
55 E4(0) = 0.0D0

IF (TOT4.£Q.0) THEN
READ(13,%)T,V
IF (V.GT.(0.0D0)) THEX .
RS4(0)=1.0D0
ELSE
RS1(0)=0.0D0

ENDIF
l"3t‘#t#ttt#‘t“#“‘tttttt####t*tttttt*t‘l8t‘ttttt“ttttttt*ttt**tt#

* The following line checks the first condition of the first rise *
* Cr set time then assigns the appropriate ccndition to time zers. *
T e Y e T T TSI e e T
ELSE IF (RS4(1).EQ.(0.0D0)) THEN
RS1(0) = 1.0D0

ELSE
#S4(0) = 0.0D0
ENDIF |
SXEXEEEEXLEEEREURELERELBEREEEEREERXTER B RKEAE X B LU ELECEREERE KRS RN KR XY
* SATELLITE #2 AND SATELLITE #4 *
#8““"tt““‘#l‘#tt"t‘t‘t‘t*‘t‘l‘t‘t‘tt‘O3tt““‘t’ttt‘*ta####‘##t
T0T5 = 0

DO 60 COUNT = 1,100
READ(STATE+4,%,EXD=65)E5 (COUNT) ,RSS(COUNT}
_ TOTS = COUNT ~
€0 CONTINUE
65 E5(0) = 0.0D0

IF (TOTS.EQ.0) THFX
READ/14,9)T,V,
285(0)=1.0D0 :
ELSE
285(0)=0.000
' ENDIF
t’tttttttttt“.“t“tt“t“t‘.t.‘..‘tc‘t‘.t‘l‘ttt“tt‘t‘tt‘t‘attt“t‘
* The following line checks the first conditiom of the first rise *
® or sel time then assigns the appropriate condition to time zero. *
aastaaotto:t‘tta‘ataaoaaao.taacnn.‘aaa:o.taoatcaacaatcatataaatattantt
ELSE 1P (R83(1). lﬂ.(o.ODOI) THEN :
R88(0) = 1 000
R X
,ISS(Olv- 0.000

P . £l e be
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DO 70 COUNT = 1,100
READ(STATE+5,*,END=73)E6(COUNT) ,RSE (COUNT)
TOT6 = COUNT

70 CONTINUE
73 E6(0) = 0.0D0

IF (TOT6.EQ.0) THEXN
A READ(15,%)T,V
1F (V.GT.(0.0D0)) THEN
'RS6{0)=1.0D0
ELSE .
RS6(0)=0.0D0
EXDIF | _
FEEEREFRRRRLERRERRERE LR XA ELERIRERRLRLLRERTREEEREERXENEXTREBERRTERS
* The following line checks the first condition of the first :ise *

* or set time then assigns the appropriate condition to time zero. *
FERLEEXEERXEERRXEREIREXINERXEERRARSAREREXSTERELTRRSARELERIXEREXRERXNRRS

ELSE IF (RS6(1).EQ.(0.0D0)) THEN
RS6(0) = 1.0D0

ELSE
RS6{(0) = 0.0DO0
ENDIF
EREERERERRERRTXRERREEAREXREEESARETEREREXXRETE L LR R AR RERATALEERXRRTARESR
- % 74e following calculates the total number of rise/set events b
* between the ground statior and the three satellites. b

ERXXXPEXEXTEXXEXEXREREITRBLERARSAXRXRBEETERXEAREXKXARALLXELXXRALERAS
TOTAL = TOT1+4TOT2+TOT3+TOT4+TOTS+TOTE

DO 75 COUNT = 1,500
v READ(60,¥ .E\D-nS)EYEAT(COL\I)
73 CONXTINUE
76 CONTINUE '
:;:::t:t:::::aasttt:zt:st:tat:tsst:tt:taa-sz:xttt::taa*t::::::ts:at:a
* I{ there were no rise/set times at all, the following message is *
* written to the final output file and the progras ends. *
EREEREEAEFAAINAARAERRAIRSARRARRETEENAREEABENRREIBTARTARARLAIRSRLERA 2L
IF {COUNT.EQ.1) THEN '
WRITE(25,%)'There were no opportunities for‘\iewing with this
+ configuration.’
GOTO 215
ENDIF

‘ ‘#t#t#‘*t#tt#t““‘t“*t“‘ltt“tt‘tltt‘t“!‘t!ttttt"lt'tttlttt‘#l#‘

* The following performs a sort to place the list of all events in #*

* order fros smallest nuaber to largest. 'y

‘t“‘t‘#"“tttt‘l‘833“‘tttt‘tt““.“ti“tt‘t“‘ttttt“'.“t‘t#Ottt

DO 80 COUNT = 1,TOTAL-1
DO 78 X = 1,TOTAL-1 |
IF (EVENT(X+1),LT.EVENT(X)) THEN
™’me 8  EVENT(X+1)
CEVENT(X+1) = EVENT(X)
EVENT(X) . = TENP
EXDIF
78 CONTISUE
80 CONTINVE

!VE!T(O) s 0.0D0 ,
mncamn«uutnmmum«nnncmnanmnnwnn
$- The following loops dctmiu the intersediate mtu of visibil-®
2 ity at each event. ]
unn-nsntnunntmmnmcmmmsummaman

. DO 100 COUNT = 0,TOTAL

" IF (T0T1.80.0) THE

B R A e e a1




TT(COUNT,1) = RSI1(IN)

-~ GOTO 100
} ELSE IF (EVENT(COUNT).EQ.E1(IN+1)) THEN
TT(COUNT,1) = RS1{IN+1)
GOTO 100

ELSE IF (EVENT(COUNT).GT.E1(IN).AND.IN.EQ.(TOT1-1)) THEN
TT{(COUNT,1) = RS1(TOT1)
GOTO 100
ENDIF
90 CONTINUE
100 CONTINUE

DO 120 COUNT = 0,TOTAL
IF (TOT2.EQ.0) THEN
TT(COUNT,2) = RS2(0)
GUTO 120
ENDIF
DO 110 IN = 0,TOT2 - 1
IF (EVENT(COUNT).GE.E2(1%).AND.EVENT(COUNT).LT.E2{IN+1)) THEN
TT(COUNT,2) = RS2(IN)
GOTO 120
ELSE YF (EVENT(COUNT).EQ.E2(IN+1)) THEN
TT(COUNT,2) = RS2(IN+1)
GOTO 120
ELSE IF (EVENT(COUNT).GT. EZ(I\) AND. IN.EQ.{TCT2-1)) THEX
TT(COUNT,2) = RSZ(TOT A
GOTO 120
ENDIF
11C CONTINUE -
120 CONTINUE

DO 110 COUNT = 0,TOTAL
1F (TOT3.EQ.0) THEN
TT(COUXT,3} = RS3t0)
GOTO 140
ENDIF
DO 130 IX = 0,T0T3 - 1 '
1F (EVENT(COUNT).GE.E3{1X).AND.EVENT(COUNT).LT.E3(IX+1)) THEN
TI(COUNT,3) = RSILIN)
GOTO 110
ELSE IF (EVENT(COUNT).EQ.E3(IN+1)) THEN
TT(COUNT,3) = RS3(IN+1)
GOTO .40
ELSE 17 (EVENT(COUNT).GT.E3{IN).AND. IN. m.nofrs-m THEN
TT(COUNT,3; = RS3(TOT3)
GOTO 140 .
 ESDIF
130 CONTINUE
140 CONTINUE

DO 160 COUNT = 0,TOTAL
IF (TOT4.EQ.0) THEN
. TT(COUNT,4) = RS:(0)

: . GOT0 160
: LADIF
{ - DO 150 IN = 0,TOT4 - 1
) “19 (EVENT(COUNT) . GE. R4 (1K) . AND. EVENT(COUST). :.r.:mmn THE
z TT(COUNT,4) = RSA(IX)
g , GOTO 160 -~
: .

ELSE 17 (EVENT(COUNT).EQ.E4(1X+1)) THEN
TT(COUNT.4) = RS{(INe1)




AWV WLV L LD

-, 160 CONTINUE

DO 180 COUNT = 0,TOTAL
IF (TOT5.EQ.0) THEN
TT{COUNT,5) = RS5(0)
GOTC 180
EXDIF _
Lo 170 IN = 0,T0T5 - 1
IF (EVENT(COUNT).GE.E5(IN}.AND.EVENT(COUST).LT.E5/IN+1)} THEM
TTICOUNT,5) = RS53(IX)
GOTO 180 |
ELSE IF (EVENT(COUNT).EQ.ES(IN+1)) THEN
TT{COUNT,5) = RS5(IX+1)
GOTO 180
ELSE IF (EVENT(COUNT).GT.ES(IN).AND. IN.EQ. {TOTS-1)) THEN
TT(COUNT, 5; = BS5(TOTS)
GOTO 18C
ENPIF
170 CONTINUE
180 CONTISUE

DO 200 COUNT = 0,TOTAL
1F (TOT6.EQ.0) THEN'
TT(COUNT,6) = R36(9)
GOTO 200
ENDIF
DO 180 IN = 0,TOT6 - 1
{F (EVENT{COUNT).GE.EG{IN}.AND.EVENT{COUNT).LT.ES(IN+1)) THE\
TT(COUNT,6) = RS6{IN)
GOTO 200 ~
ELSE IF (EVENT(COUNT).EQ.E5(IN+1)) ThEN
TT(COUXT,6) = RS6(IN+1)
GOTO 200 :
ELSE IF (EVENT(COUNT).GT.E6((N).AND.IN.EQ.(TOTE-1)) THE\
TT(COUNT,§) = R35(TOT6)
GOTG 200
ENDIF
10 CONTINUE
200 CONTINUE

, CHANGE > 1 '
u:nuuuununtnuuzu:nnnauuuuununnunnnnuu
* The following determines if continuous coamunication.is possible.*
*. For { satellites, the sum must be greater than or equal to 3. 3
t:n:nnunnnntaanunuue"aunsuntnqutn"nsnuunu:
DO 210 COUNT = 0,TOTAL
SUN s TT(CCINT 1} ¢ TT(COUNT,2) + mcox.'n',s) + TT(COL'CT 1) ¢
+ ~ - TT(OOUXT,5! ¢ TT{COUXT,6)
~ IF (SUM.LT.(3.0D0).AND.CHANGE.EQ.1) THEN
' WRITE(2S, 2‘.0)EVER?(CGNT) :
.' CHANGE = 0
E\'Dl?

I¥ (SUN.; . (3.0D0). A‘D.CBANGI.EQ.O) THEX
WRITE(2S, 230)£YEXT(COU!T)

- CHANGE = 1 :

ENDIF '

215 CONTINUE L R

ehe e 1y o




-~ CLOSE(UNIT=STATE+5,STATUS="DELETE’ )
! CLOSE(UNIT=60)

CLOSE(UNIT=10,STATUS="DELETE")
CLOSE(UNIT=11,STATUS="DELETE’)
CLOSE{UNIT=12,STATUS="DELETE’)
CLOSE(UNIT=13,STATUS="DELETE")
CLOSE{UNIT=14,STATUS='DELETE’)
CLOSE(UNIT=15,STATUS="DELETE’)

220 FORMAT{'Communications broken 2t ',F12.5,’ SEC’)
230 FORMAT(’Communications re-established at ’,F12.3,"' SEC'}

RETURN
END

O — s - e b———- e ————— s ¢
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VARIABLES:

1T

‘.'

X

ttt**ttt*tltt*ttSt‘**t#*t**#*8*****3***#*##**‘#*********************

SUBROUTINE GSSTVCH

File number Spécifier

{Ground Station Satellite Continuous Vis:bility Check (1))
PURPCSE: The purpose of this subroutine is to accomplish a
check for constant visibility between a ground station

and 3 satellites.

specifies when communcation is broken or re-

established
do loop counter

Specifies rise/set time for wxslbxlxt\ functxon

a ground station and 4 satellites
Array of all rise/set times
do loop counter

1 if the event is a rise; 0 if the event is a set

Sum of RS1,..,RS1 at a given event

time zero of any selected visibility furnction

- in this subroutine T is a place holder

‘Temporary value used in sort loop

Total number of events

Numsber of events between Ground Statxon £?
Satellite =1

Number of events between Gxound Stat1on 2?
Satellite 32

Number of events between Ground Statlcn #?
Satellite =3

Nusber of events between Gxound St ation =7
Satellite =4 o
Holds all event times and the corresonding

and
and
and

and

status of the \1sxb111t\ function for each

\1eh1ng path

the first value of the selected \151b111t\'

function
do loop counter

4
3
»
. 3
]
*
*  INMLT:
* STATE
¥
*  LOCAL VARIABLES:
* CHANGE
3
. COUNT
‘ El’..,z'l
3
*  EVENT
JIN
* RS1,.,RS4
+  SiM
. T
t
. TEMP
x TOTAL
s TOT1
*
x TOT2
x
v T0T2
<«
'= TOT4
*
*
*
..
x
.
z

SUBROLTINE GSSC\C%ISTATE)

REAL*8 E1(0:100},E2(0:100),E3(0:100), EJ(O 100}, E\E\T(O 300)

REAL*8 RS1(0:100),RS2{(0: 100) RS3(0:100),RS4(0:100), T TEMP
REAL*8 TT(0:500,4),V

INTEGER CHANGE,CHECK,COUNT, IN,STATE,SUM
INTEGER TOTAL,TOT1,TOT2,TOT3,TOT4,X

OPEN(UNIT=41,FILE="STAT1.DAT’,STATUS="OLD")

. OPEN(UNIT=42,FI1LE="STAT2.DAT’,STATUS="0LD")
OPEN(UNIT=43,FILE="STAT3.DAT’,STATUS="0OLD")
OPEN(UNIT=44,FILE="STAT4.DAT’,STATUS="0OLD") -
OPEN{UNIT=60, FILE=’TRACKER DAT’,STATUS"OLD )

: REWIVD(L\IT'GO)

L OPEh(thIT=10,FIL£=’VISI.DAT'.STATUS=’0LD?)
OPEN(UNIT=11,FILE=’VISZ.DAT’.STATUS=’0LD’)
OPEN(UNIT=12,FILE=’VIS3.DAT’ ,STATUS="0OLD’ ).

~ OPEN(UNIT=13,FILE='VIS4.DAT' ,STATUS="0LD’)

#‘t“l‘ttl‘t‘ttt‘.‘#t““*‘t“t“""‘ttttCtt#*t#t!tt*t#t‘*#*l**‘tl#t )
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COUOZURULNL =L, 10u '
READ(STATE, *,END=25)E1(COUNT) ,R31(COUNT):
TOT1 = COUNT
20 CONTINUE
25 E1(0) = 0.0D0

- IF (TOT1.EQ.0) THEN
3 " READ(10,%)T,V
IF (V.GT.(0.0D0)) THEN
RS1(0) = 1.0D0
ELSE
RS1(0) = 0.0DO
ENDIF
ELSE IF (RS1(1).EQ.(0.0DO}) THEN
RS1(0) = 1,0D0
ELSE
RS1(0) = 0.0DO
ENDIF

*‘***********#***********************t*#*****tt#**t*#t*tt****t*ttt*tt

* GROUND STATION AND SATELLITE #2

2223232213233 2232332222222 2223323232233 323 223228223233 223 28324222 2

TOT2 = 0
DO 30 COUNT = 1,100
READ(STATE+1,*,FND=35)E2(COUNT),RS2(COUNT)
TOT2 = COUNT
30 CONTINUE
35 E2(0) = 0.0DO

IF (TOT2.EQ.0) THEX
READ(11,%)T,V
IF (V.GT.{0.0D0)) THEN
RS2(0) = 1.0D0
ELSE
RS2(0) = 0.0D9
ENDIF
ELSE IF (RS2(1).EQ.(0.0D0)) THEN
. RS2(0) = 1 uDo
ELSE
RS2(0) = 0.0DO0
ENDIF

EERERRERERXEARREREEEXEERFERRERE SRR FLRERRR LR XXX LXRFRRLEERRF L RKERERERE

x ' GROUND STATION AND SATELLITE =3

*

*t*t#****t*********#*t**********#**ttttt***#************t*******#****

ICT3 = 0
.DO 10 COUNT = 1,100
READ(STATE+2,%,END= 4 JE3(COUNT), RSS(COL\T)
TOT3 = COUNY :
10 CONTINUE
15 E3(0) = 0.0DO

IF (TOT3.EQ.0) THEN
READ(12,%)T,V
IF.(V.GT.(0.0D0)) THEN
_ RS3(0) = 1.000
ELSE

RS3(0) = 0.0DO
EXDIF
. ELSE IF (RS3(1).EQ.(0.0D0)) THEN
! _ RS3(0) = 1.0D0
ELSE
_— "RS3(0) = 0.0D0
ENDIF

tt“#t#t**‘*t##‘#‘#“#‘3t‘t#‘##t*#t‘tt"tt#t‘tttt#t*t##‘t***“*ttttt‘ .

- . ”. sy - -I“..“ ~ 8
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DO aO COL\T =1, 100
READ(STATE+3,* E\D-o3)E4(COL\T) RS4 (COUNT)
TOT4 = COUNT
50 CONTINUE
53 E4(0) = 0 0DO

'IF (TOT4.EQ.0) THEN
READ(13,%;T,V
IF (V.GT.(0.0D0}) THEX
RS4(0) = 1.0D0 '
ELSE
RS4(0) = 0.0D0 -
ENDIF :
ELSE IF (RS4(1).EQ.(0.0D0)) THEX
' RS4(0) = 1.0D0
ELSE.
RS4(0) = 0. ODO
ENDIF - ' '
B L T T TS LT T T Ty T o Py
* The following calculates the total number of events between the *
* ground station and four satellites. *
FEERERERXEXLRELRERRCEL XX EAL XL EXEERRRRXXR AL RE XL EKERKRRRLLARS
TOTAL = TOT1+TOT2+TOT3+TOT4
CHECK = 0
DO 55 COUNT = 1,300
READ(60, *,END=58 )EVENT ( COUNT)
CHECK = COUNT
35 COXTINUE
38 CONTINUE
IF (CHECK.EQ.0) THEN
WRITE(Z«,*) There were no visibility opportunities klth this
+ configurstion.

GOTO 160
EXDIF
t*x********:***t*********#***t***t******#t****t**********************
* The followving orders all the events from the smallest to the *
" largest. : : *

*****************************************#***************************
DO 63 COUNT'= 1,TOTAL-1
DO 60 X = 1,TOTAL-1 '
IF (EVENT(X+1),LT:EVEXT(X)) THEN

TEMP = EVENT(X+1)
EVENT(X+1) = EVENT(X)
EVEXT(X) = TEMP

" ENDIF .

60 CONTINUE
65 CONTINLE

EVENT(0) = 0.0D0

3********8*********#**#****#***8********t*##***********************f*

* The following determines the status of communications for cach *
* possible visibility path at each event. *
*::*******:**::****tt*t***:::*:*tt*tt:t:ttt:*t::t*t*t*a**:x*t:****t*t
DO 80 COUNT = 0,TOTAL :
_o . IF (TOT1. EQ 0) THEN
‘ TT(COUNT,1) = RSI(O) }
GOTO 80 v . } : o .
- . ENDIF - . T T .'. N
DO 70 IN = 0, TOTI -1 ’ AN
IF (EVENT(COUVT) GE.EI(IK).ASD.EYENT(CDUNT) LT El(l\+1)) THEN
TT(COUNT,1) = RSI({IN) .~ :
GOTO 80

" e - -—.—-qiw onq‘ mvo.'ﬁt m L
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ELSE IF (EVENT(COUNT).GT.E1(IN+1).AND.IN.EQ.(TOT1-~ 1)) THEN
TT(COUNT,1) = RS1{IN+1)
GCTO 80
ENDIF
70 CONTINLE
80 CONTINUE

DO 100 COUNT = 0,TOTAL
IF (TOT2.EQ.0) THEN
TT(COUNT,2) = RS2(0)
GOTO 100
ENDIF
DO 99 IN = 0,TOT2 - 1
1F (EVENT(COUNT).GE.E2(IN).AND.EVENT(COUNT).LT.E2(IN+1)) THEN
. TT(COUNT,2) = RS2(IX)
GOTO 100
ELSE IF (EVENT(COUNT).EQ.E2(IN+1)) THEN
TT(COUXT,2) = RS2({IN+1)
GOTO 100

ELSE IF (EVENT{COUNT).GT.E2(IN+1).AND.IN.EQ. (TOTZ 1)) THE\
* TT(COUNT,2) = RS2(IN+1)
GOTO 100
ENDIF
‘90 CONTINUE
100 CONTINUE

DO 120 COUNT = 0,TOTAL
' IF (TOT3.EQ.0) THEX
TT{COUXT,3) = RS3(0)
GOTO 120
ENDIF
bo 110 IN = 0,TOT3 - 1 ' ,
IF (EVENT(COUNT}.GE.E3{IN).AND.EVENT{COUXT)}.LT.E3(IN+1}} THEXN
TT{COUXNT,3) = RSI{IN) ~
GOTO 120
ELSE IF (EVENT(COUNT).EQ.E3(IN+1)) THEN
TT(COUNT,3) = RS3(IN+1)
GOTO 120 '
ELSE IF (EVENT(COUNT).GT.E3(IN+1).AND.IN.EQ.(TOT3-1}) THEX
TT(COUNT,3) = RS3(IN+1)
GOTO 120
- ENDIF
110 CONTINUE
120 CONTINUE

- DO 140 COUNT = 0,TOTAL
IF (TOT4.EQ.0) THEN
TT(COUNT,{) = RSJ(O)
GOTO 140
ENDIF
DO 130.IN = 0,TOT4 - 1
IF (EVENT(COLVT) GE.E4(IN).AND.EVENT(COUNT).LT. E4(I\+1)) THEN
TT(COUXNT,4) = RS1(IN)} '
GOTO 140
ELSE IF (EVENT(COUNT).EQ.E4(IN+1)) THEN
TT(COUNT,4) = RS4(IN+1)
GOTO 140 ' )
ELSE IF (EVENT(COUNT).GT. El(lﬁfl) AND.IN, EQ (TOT4-1)) THEV
TT(COUNT,4) = RS4(IN+1)
GOTO 140
ENDIF

. 130.CONTINVE L
140 CONTINE © -

. AP - B S UV
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* The next DO loop determines if constant communication is *
* possible. If the sum is equal to zero, communication is not *
* possible. If the sum is greater than or equal to one, communi-~ *
* cation is possible, *

***************#**********t*#*****************##*#*#**t***********t**

DO 130 COUNT = 0,TOTAL
SUM = TT(COL\T.;) + TT{COUXT,2) + TT(COL\T 3) + TT'COL\T 4)
IF {SUM.EQ.{0.0D0).AND.CHANGE.EQ.1) THEN
- "WRITE(25,%)’Communications broken at ',EVENT{COUNT)
CHANGE = 0
ENDIF

LIS

IF (SUM.GE.(1.CD0).AND.CHANGE.EQ.0) THEN .
WRITE(23,%*) 'Comaunications re-established at *',EVENT{COUNT)
CHANGE = 1

ENDIF

150 CONTINUE
160 CONTINUE '

CLOSE(UNIT=STATE,STATUS-"'DELETE’)
CLOSE(UNIT=STATE+1,STATUS="DELETE’)
- CLOSE(UNIT=STATE+2,STATUS='DELETE’)
CLOSE(UNIT=STATE+3,STATUS="DELETE’)
CLOSE(UNIT=60)
CLOSE{UNIT=10,STATUS='DELETE’) : ‘
CLOSE(UNIT=11,STATUS='DELETE’) } -
CLOSE(UNIT=12,STATUS='DELETE’) '
CLOSE(UNIT=13,STATUS="DELETE’)

 RETULRX

EXD
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